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Abstract
The Syrian hamster i s  becoming an in crea sin g ly  important sp ec ie s  in  
biom edical research , y e t very l i t t l e  i s  kncwn regarding i t s  n u tr ien t  
requirements* Most workers have assumed that i t s  requirem ents are s im ila r  
to  those o f the ra t and have th erefore  fed  them accordingly . However, 
accredited  commercial hamster breeders have been unable to  m aintain maximum 
production s o le ly  on r a t  and mouse d ie t s .
This study was prim arily  concerned w ith  determ ining the q u a n tita tiv e
i
requirement of the fa t -so lu b le  vitam ins A & E. However, breeding performance 
was u n sa tisfa cto ry  on control sem i-purified  d ie ts  and th erefore  the requirement 
fo r  e s s e n t ia l  fa t ty  acid s was a lso  in v estig a ted .
Vitamin A d e fic ien cy  under present cond itions produced only  
degeneration o f t e s t ic u la r  germinal epithelium  and none of the other overt 
symptoms expected .
The absence o f vitam in E from the d ie t  stopped reproduction a fte r  
conception, and r e su lted  in  resorp tion  o f embryos, confirm ing the  
observations of previous workers. Typical e f f e c t s  on sk e le ta l muscle and 
te s t ic u la r  germinal epithelium  w ith  a concomitant decrease in  t e s t ic u la r  
weight are described . No other e f f e c t s  on organ w eights were observed.
F acto r ia l experim ents in v e s t ig a tin g  the q u a n tita tiv e  requirement and 
in tera c tio n  o f vitam ins A and E have shown severa l e f f e c t s .  Breeding  
performance was improved by in creasin g  vitam in A from 500 to  50000 iu /k g  
d ie t ,  and feed in g  lOOmg vitam in E per kg d ie t ,  no in te r a c tio n s  were observed. 
T esticu lar  degeneration was prevented by feed in g  at le a s t  4000 iu  but l e s s  
than 40000 iu  vitam in A per kg d ie t  and greater than 40mg vitam in  E per kg 
d ie t .  Prevention o f muscular dystrophy a lso  required more than 40mg vitam in  
E per kg d ie t .
The hamsters* requirement for e s s e n t ia l  f a t ty  acids appears 
grea ter  than th a t o f the r a t .  Improvement in  breeding performance was 
achieved by feed in g  sunflowerseed o i l  together w ith  methyl l in o le n a te .  
Supplementation o f methionine improved l i t t e r  s iz e ,  v ia b i l i t y  o f pups 
and milk production o f dams.
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CHAPTER 1 
INTRODUCTION
1.1 VITAMIN A 
Chemistry
The prelim inary observation  of Steeribock (1919) th a t the vitam in A
I
content o f vegetab les decreased w ith  the degree o f  pigm entation paved the 
way fo r  th e  discovery o f the chemical nature o f the vitam in . Subsequently, 
Moore (1929) demonstrated th at the p u r ified  p lan t pigment carotene was a 
potent source of vitam in A. Beta^-carotene, the predominant form o f carotene  
found in  nature has the stru ctu ra l formula shown in  Figure 1 . The chemical 
c o n s titu tio n  o f vitam in A has been e sta b lish e d , mainly by the work o f  
Karrer, e t  a l (19J1 , 1933) ;  who proposed the stru ctu ra l formula shown in  
Figure 1 . This was la te r  confirmed by H eilbron, e t  a l (1932).
* 3 \  , CH3 H3Cx CH3
\  CH3 CH3 CH3 -C
H9C C-CH^CH-C-CH-CHrCH-C-CH-CHrCH-CH^C-CH^CH-CI-fcC—CHXH-C CHo1 •» II 1h2 \ h3c-cn ch2
 ^ cH2 H2
B eta-caro ten e
H3C / h 3
c c h 3 c h 3
HJZ \  4  CH--CH-C=CH-CH=CH-C=CHCH2O H  z\ II
H f v / - C H 3 
c
H2 R etin o l
F i g . l .  S tructural formulae o f Beta^-carotene and r e t in o l .
In i 960 the In tern ation a l Union o f Pure and Applied Chemistry 
recommended the term R e t in o l* , and v a r ia tio n s of it , fo r  vitam in A and 
the various vitam in A d er iv a tiv es  (lUPAC, I 96O; S e b r e ll  & H a rr is , 1967).'
Some recommended terms to g e th er  w ith  t h e ir  prev ious d e s ig n a tio n s  are g iv en
in  Table 1* Since the newer nomenclature i s  more con cise  and d escr ip tiv e  
o f s p e c if ic  compounds than the older terms, the term vitam in A might b est  
be used g e n e r ic a lly  to  include a l l  compounds th a t are s tr u c tu r a lly  or 
b io lo g ic a l ly  re la ted  to  retin o l*
Table 1* Nomenclature of vitam in A d e r iv a tiv e s .
Present term Previous d esign ation
R etin ol Vitamin Al a lcohol
R etinal Vitamin Al aldehyde
R etin o ic  acid Vitamin Al acid
3-Behydr o r e tin o l Vitamin A2 a lcohol
R etin y l palm itate Vitamin A palm itate
Vitamin A2, 3-dehydroretinol i s  obtained from the t is s u e s  o f fr e sh ­
water f i s h ,  and u su a lly  occurs mixed w ith r e t in o l .  3-D ehydroretinol 
conta in s an ad d ition a l double bond in  the r ing; i t  serv es  the same fu n ctio n s  
and fo llo w s sim ila r  biochem ical pathways as r e t in o l  but has only 30% o f the  
potency.
A number o f geom etric isomers o f r e t in o l e x is t  because o f the  
p o ss ib le  c is - tr a n s  configuration  o f the sid e chain con ta in in g  double bonds. 
Fish l iv e r  o i l s ,  r ich  in  r e t in o l contain m ixtures o f the stereoisom ers; 
syn th etic  r e t in o l i s  ex c lu s iv e ly  the trans isom er.
The p h ysica l p rop erties of r e t in o l and i t s  d e r iv a tiv e s  have been 
e x te n s iv e ly  summarized (K ofler & Rubin, I960; Olson, 1965)* B r ie f ly ,  
vitam in A i s  destroyed by u ltr a v io le t  l ig h t  and i s  s e n s it iv e  to  ox id ation  
in  a ir .  N aturally  occurring vitam in A i s  s ta b le  to  heat in  an in e r t  
atmosphere and a lso  to  a lk a lin e  so lu tio n s , whereas c r y s ta l l in e  preparations  
are n ot. E sters o f r e t in o l are more s ta b le  than the fr e e  a lc o h o l.
Chemical estim ation
One important c h a r a c te r is t ic  th a t enabled chemical methods to  be 
used in  the determ ination o f vitam in A i s  i t s  a b i l i t y  to  form w ith  
antimony tr ic h lo r id e  a tra n sien t b lue-coloured  rea ction  product. Other 
inorganic ch lor id es and severa l other types of reagent have been used to  
produce a colour for  the measurement o f vitam in A (Carr &, P r ic e , 1926; 
Rosenheim & Drummond, 1925; Sobel & Werbin, 1945» F e in ste in , 1945)> but 
antimony tr ic h lo r id e  produced the c lo s e s t  co rre la tio n  between depth o f  
colour and concentration  o f the vitam in. The rea c tio n , however, i s  not 
s p e c if ic  fo r  vitam in A, s in ce  some substances, e sp e c ia lly  carotenoids  
and s te r o ls ,  may y ie ld  in te r fe r in g  colours or in h ib it  colour development. 
Thus vitam in A must be separated from these substances fo r  determ ination .
The usual procedure fo r  determ ination o f vitam in A in v o lv es  three  
b a s ic  s tep s, ex tra ctio n , sep aration , and determ ination.
The purpose o f a l l  methods o f  ex tra ctio n  i s  to  r e le a se  the d es ired  
m aterial from the complexes in  which i t  e x is t s  in  t is s u e s  and foods and 
to  tra n sfer  i t  q u a n tita tiv e ly  to  a so lven t not m isc ib le  w ith  the t is s u e  
ex tra c t. Serum and plasma are adequately processed by p ro te in  
denaturation through the add ition  o f an equal quantity o f  eth an ol. 
S ap on ifica tion , the h eatin g  o f the sample w ith  a lk a li fo r  a short tim e, i s  
su ita b le  for  substances contain ing appreciable q u a n tit ie s  o f f a t .  Loss o f 
vitam in A by oxidation  during the heating  process must be minimized by the  
addition  o f a small amount o f an tiox id an t, eg . p y ro g a llo l. With more 
fib rou s components d ig e stio n  w ith a more concentrated a lk a l i  i s  n ecessary . 
A fter p rocessing  most liq u id  hydrocarbons, liq u id  petroleum (o f  var iou s  
b o ilin g  ranges) or hexane, are su ita b le  fo r  ex tra ctin g  vitam in A (Neeld & 
Pearson, 1963; Mclaren, e t  a l , 1967; Bradley & Hornbeck, 1973)*
Separation o f vitam in A i s  u su a lly  ach ieved  chromatogra p h ic  a l l y . ; 
Column (Blankenhom, 1957; Awdeh, 1965) ,  paper (Jensen & Jensen, 1959) 
and th in  -  la y e r , on alumina (Davidek & B la ttn a , 1962) and activ a ted  
magnesium oxide (B o llig e r , e t  a l , 1964) chromatography have been described  
u sin g  a v a r ie ty  o f so lv en ts .
The vitam in A content o f a specimen may be determined by measuring 
the absorbance a t 326 nm of a so lu tio n  o f i t s  nonsaponifiable components 
in  a nonpolar so lv en t. A correction  i s  made fo r  non-vitam in A m ateria l 
which a lso  absorbs a t th is  w avelength. This can be achieved e ith er  by 
measuring the d en sity  o f the so lu tio n  at other wavelengths away from the  
peak maximum of vitam in A and c a lcu la tin g  the absorbance at 326 nm not due 
to  vitam in A (Morton & Stubbs, 1949); or "the d en sity  o f the so lu tio n  a t  
326 nm can be measured a fter  d estroyin g  the vitam in A in  the so lu tio n .
This method does assume th at v itam in A i s  the only substance th at i s  
a ffec ted  by the p rocess. U ltr a v io le t  ir r a d ia tio n  i s  the g en era lly  accepted  
method (B essey , e t  al, 1946).
Vitamin A rea c ts  w ith a v a r ie ty  o f h ig h ly  a c id ic  compounds to  g iv e  a 
tr a n s ie n t blue colour w ith a peak absorption at about 620 nm. S e n s it iv i ty  
i s  extrem ely h igh . Methods have been described u s in g  antimony tr ic h lo r id e  
(Carr & P r ice , 1926) ,  antimony pentach loride (Murata & Nagashima, i 960) ,  
and tr if lu o r o a c e t ic  acid , TPA (Neeld & Pearson, 1963) .  U n til r e c e n tly ,  
the chromogai most commonly used has been antimony tr ic h lo r id e  to  the v ir tu a l  
ex clu sion  o f a l l  others. The method does, however, have tech n ica l  
d i f f i c u l t i e s .  The colour formed i s  tra n sien t and s e n s i t iv i t y  to  m oisture  
r e s u lt s  in  turbid so lu tio n s . The colour produced u sin g  TPA i s  r e la t iv e ly  
s ta b le  and the reagent i s  not water s e n s i t iv e .
Under u lt r a v io le t  ir ra d ia tio n  vitam in A e x h ib its  a c h a r a c te r is t icI
green flu orescen ce and th is  property has been used to  d e tec t i t s  presence  
in  t is s u e  examined m icroscop ica lly  (Popper Sc Volk, 1944)* Sobotka, e t  a l
(1943) developed a method fo r  q u an tita tive  measurement o f the vitam in  
by th is  property. Prom t h is  early  work Hansen & Warwick (1968, 1969) 
have developed a s e n s it iv e  fluorom etric method for  the determ ination of  
vitam in A (and vitam in E) in  serum which i s  fr ee  from in ter feren ce  by 
compounds normally found in  serum. The vitam in i s  ex tracted  from serum 
w ith hexane a f te r  p r e c ip ita tio n  o f p rote in s w ith e th an ol, ex c ited  at 
340 nm and i t s  flu orescen ce read at 480 nm.
Determ ination o f vitam in A by bioassay w i l l  be described  in  a la t e r  
sec tio n .
Occurrence in  foods
P ish  l iv e r  o i l s  are the most concentrated n a tu ra lly  occurring sources 
of r e t in o l;  h a lib u t l iv e r  o i l ,  BP, contains approximately 900,000 pig r e t in o l  
per 100 g , and cod l iv e r  o i l  22,740 pig r e t in o l per 100 g .
In p r in c ip le  an animal does not require vitam in A in  i t s  a c tiv e  form; 
i t s  requirem ents can be met by consuming vitam in A precursors (provitam ins 
A). The precursors o f vitam in A are the carotenes and c e r ta in  caroten oids  
which occur as orange-yellow  pigm ents. Provitamins A are converted to  the  
a ctiv e  vitam in prim arily  in  the in te s t in e s  (Huang & Goodman, 1965)* In  
green v eg eta b les  the amount o f carotene i s  in  p rop ortion  to  th e  green n ess;  
lik ew ise  in  carrots the amount o f carotene i s  proportional to  the y e llo w n ess . 
The concentration  o f vitam in A i s  h igh est in  m ilk and eggs in  the summer 
when green grass i s  a v a ila b le . Vitamin A i s  stored' in  the l i v e r  and 
accounts fo r  the high vitam in A value of the l iv e r  from the animal or f i s h  
from which i t  was taken.
D efic ien cy  d isea ses  & disorders
The known functions o f  vitam in A have been deduced by observing  
the e f f e c t s  o f hypo- and hyp ervitam inosis. I t  p lays an e s s e n t ia l  r o le  
in  the fu nction  o f the re tin a ; sin ce  in  vitam in A d e fic ie n c y , v is io n  i s  
p ro g ressiv e ly  impaired. I t  i s  required fo r  growth, s p e c if ic a l ly  fo r  the  
in te g r ity  and development o f e p ith e l ia l  c e l l s  and the development and 
growth o f bone. Vitamin A a lso  has an important fu n ction  in  reproduction; 
i t  i s  required fo r  sperm atogenesis; and the development o f the fo e tu s .
That th ese  are separate functions .can b est be shown by the fa c t  th a t vitam in  
A acid  w i l l  not support the v isu a l or reproductive fu n ction  whereas i t  w i l l  
support growth and d if fe r e n t ia t io n  o f e p ith e l ia l  t is s u e  (Arens & Van Dorp, 
1946; Dowling & Wald, i 960) .  The underlying su b ce llu la r  or m olecular 
mechanisms o f vitam in A a c tio n  have not y e t been co n c lu s iv e ly  e lu c id a ted .
V isions I t  has lon g  been known th at v itam in A d e fic ie n c y  in te r fe r e s  w ith  
v is io n  in  dim l ig h t ,  a cond ition  known c l in ic a l ly  as n ycta lop ia  (n ig h t  
b lin d n ess) . I t  i s  one o f the o ld est d ise a se s  known, a d escr ip tio n  and the  
correct cure, the ea tin g  o f l iv e r ,  go back to  the ancient Egyptian m edical 
papyri (c ite d  from Dowling & Waid, 1958)* The fa c to r  in  l iv e r  which 
cures n igh t b lindn ess was id e n t if ie d  by McCollum and Simmonds (1917) w ith  
the then newly discovered vitam in A. H echt(l937) was the f i r s t  to  propose 
a chemical b a s is  o f v is io n , where vitam in A i s  the precursor in  the r e t in a  
o f the v isu a l pigments o f  the rods and cones. Wald and a sso c ia te s  
elaborated  these observations and contributed  g rea tly  to  the understanding  
o f the v isu a l process (Wald, e t  al, 1938; Wald & Hubbard, 1950; Wald & 
Brown, 1965) .
The rods o f the dark-adapted eye contain  the pigment, v isu a l purple  
or rhodopsin, which i s  formed by the c e l l s  o f the pigmented la y er  o f the  
r e t in a . I f  the r e t in a  i s  strongly illu m in ated , the pigment disappears but
i s  com pletely resyn th esised  in  about one hour a f te r  retu rn in g  to  darkness. 
The ra te  o f destru ction  o f rhodopsin depends upon the wavelength of the 
l i g h t .  R etinene, which i s  formed when rhodopsin i s  bleached by l ig h t ,  
i s  a yellow  pigment and an aldehyde o f vitam in A.
The m olecular mechanism o f th is  fu n ction  o f v itam in  A i s  w e ll  
known and i s  shown in  Figure 2 . R etinol i s  ox id ised  to  r e t in a l;  i t  i s  
then isom erised to l l - c i s - r e t in a l th is  then combines w ith  opsin , v ia  a 
S c h iff  base mechanism to  form rhodopsin which on a c tiv a tio n  by l ig h t  
r e s u lt s  in  isom erisa tion  of the 11- c i s  to  the a l l  tran s- r e t in a l .  During 
th is  process the rhodopsin complex undergoes a sequence o f changes 
g iv in g  r is e  u lt im a te ly  t o . a l l  trans-r e t in a l and op sin . I t  i s  through 
th is  process th at the v isu a l nerves are ex c ited . The opsin  and r e t in a l  
are now a v a ila b le  to  repeat the cy c le .
R e t in o l------------^ R etin a l --------------- i sQfflsrase-------------- >11—c is  —R etina l
a l l  trans
A
Opsin
Metarhodopsin< Lumirhodopsin ^ Rhodopsin
l ig h t
F ig . 2 The v is u a l cy c le .
Reproduction: The second o f the two c le a r ly  d is so c ia b le  fu n ctio n s o f
vitam in A i s  in  maintenance o f normal reproduction. These two r o le s  
were c le a r ly  shown by Dowling & Wald ( i 960) u sin g  r e t in o ic  a c id . Rats 
were fed  a r e t in o l d e f ic ie n t  d ie t  contain ing r e t in o ic  ac id ; they grew
normally and appeared h ea lth y  but became b lin d . This was because they  
could not reduce r e t in o ic  acid  to  r e t in a l  as required in  the v isu a l  
p rocess. In th is  way the requirement o f vitam in A fo r  v is io n  and the  
maintenance o f growth and general h ea lth ,th e  system ic e f f e c t ,  were 
separated.
The requirement o f vitam in A fo r  normal reproduction i s  w e ll known. 
There i s  marked te s t ic u la r  atrophy (Mason, 1 9 3 3 )  or decreased ovarian  
s iz e  (T ruscott, 1947) in  the d e f ic ie n t  animal. In male r a ts ,  sloughing  
of the c e l l s  o f the germinal epithelium  occurs, fo llow ed by blockage o f  
the tubular lumen by S e r to li  c e l l s  (Howell, e t  a l , 1963)-  No spermatozoa 
are present in  the epididym is and the seminal v e s ic le s  are v is u a l ly  
sm aller and weigh l e s s .
Vitamin A -d efic ien t r a ts  can conceive when mated to  normal males 
but, depending on the se v e r ity  o f the d e fic ie n c y , resorb th e ir  fo e tu se s  
or g ive b ir th  to  dead or malformed young (Mason, 1935)* T h is reproductive  
fa ilu r e  i s  probably not due to  the general d e b il ita t io n  o f the d e f ic ie n t  
animal, s in ce  vitam in A-depleted r a ts  maintained on r e t in o ic  acid  grow, 
mate, and conceive norm ally, but in variab ly  th e ir  fo e tu se s  are resorbed  
(Howell, e t  a l , 1964)* R etinoic  acid  supports formation o f  c h o r io a lla n to ic  
p la cen ta s 'in  vitam in A -d efic ien t pregnant r a ts  but by day 16 o f  g e s ta t io n  
a generalized  n ecro sis  o f the fu n ctio n a l zone o f the p lacen ta  .occurs 
and the fo e tu se s  are resorbed (Lyons, 1943)* Impaired reproduction  has 
a lso  been reported in  ra b b its  (Lamming, e t  a l , 1934) and c a ts  (S co tt & 
S co tt, 1964)* In mice (McCarthy & Cerecedo, 1952) and prim ates (rhesus  
monkeys) (O'Toole, e t  a l , 1974) reproduction i s  impaired but not destroyed*  
The usual s ign s o f the d e fic ien cy  o f vitam in A in  rhesus monkeys are 
abortion and b ir th  o f young w ith  congen ita l m alform ations. There have been  
no stu d ies on the requirement o f vitam in A fo r  reproduction in  the ham ster.
E p ith e lia l  stru ctu res: The fu n ction a l and stru ctu ra l in te g r ity  of
e p it h e l ia l  c e l l s  throughout the body i s  dependant upon an adequate 
supply o f  vitamin..A* With s u f f ic ie n t  r e t in o l ,  b asa l e p ith e l ia l  c e l l s  are 
stim ulated  to d if fe r e n t ia te  in to  mucous se c r e tin g  columnar e p ith e l ia l  
c e l l s ,  as ind icated  by increased b io sy n th esis  o f mucopolysaccharide 
(Wolf Sc Johnson, i 960) .  In the absence o f vitam in A, atrophy o f  
e p ith e l ia l  c e l l s  occurs, follow ed by a p r o life r a t io n  o f basal c e l l s .
The new c e l l s ,  by continued growth rep lace the o r ig in a l epithelium  w ith  a 
s t r a t i f i e d ,  k eratin ized  epithelium .
K era tin isa tio n  i s  common to  most e p ith e l ia l  stru ctu res; e sp e c ia lly  
the conjunctiva and cornea, xerophthalmia has been recorded in  many sp ec ie s  
notably in  mice (Spinka, 1924> c ite d  by McCarthy & Cerecedo, 1952; Wolfe 
Sc S a lte r , 1931); gu inea-p ig  (Wolbach & Howe, 1928); the monkey 
(Ramalingaswami, e t  a l , 1955)> the rab b it (Nelson & Lamb, 1920); and the 
r a t (Paul & Paul, 1946).
R eversib le changes in  the le n s  epithelium  o f young r a ts  have been 
recorded (P ir ie  Sr. O verall, 1972). The e f f e c t  i s  one o f reducing the number 
of d iv id in g  c e l l s  in  the len s  ep ithelium , causing the p o ss ib le  form ation  
o f a ca ta ra ct. Other e p ith e l ia l  s tru ctu res th a t are su scep tib le  to  
k e r a tin isa tio n  are, resp iratory  ep ithelium , lead in g  to  increased  incid en ce  
of resp ira to ry  in fe c t io n  in  the d iseased  s ta te ;  and the in t e s t in a l  and 
u r in o -g en ita l tr a c t ,  including the bladder.
B ioassays
The various procedures for  the b ioassay o f vitam in A can be grouped 
in to  severa l ca teg o r ie s . D efic ien cy  lea d s  to  c er ta in  p h y sio lo g ica l  
abnorm alities which can be cured by the adm inistration  o f v itam in A.
These include depressed growth, and the growth b ioassay u sin g  r a ts  has 
been w e ll standardized. The experim ental animals are dep leted  o f  th e ir  
vitam in A s to r es  u n t i l  they no longer grow on the t e s t  d ie t .  Graded 
l e v e l s  o f v itam in A are adm inistered and the growth response measured.
The growth response i s  a lin e a r  function  o f the lo g  o f the dose. I t  i s  
the only b ioassay  to  be ’'o f f ic ia l ly "  recognized (US Pharmacopeia, 1947> 
1950) ,  but under th ese  con d itions i t  i s  a "pass or f a i l"  procedure and 
makes no p ro v is io n  fo r  c a lcu la tin g  the bio-potency o f the t e s t  m a ter ia l.
Rats on a vitam in A -d efic ien t d ie t  show a p ersis ten ce  o f co rn ified  
c e l l s  in  the vagina (Evans Sc Bishop, 1922). Supplementation w ith  large  
amounts o f vitam in A causes a quick" resumption o f the normal smear p ic tu re . 
Pugsley and co-workers (1944) have e sta b lish ed  the vaginai-sm ear method 
on a q u a n tita tiv e  b a s is  u sin g  ovariectom ized r a ts .
Coward (1947) Wagner (1953) used the cure o f  xerophthalm ia as 
a c r ite r io n  o f response o f vitam in A a c t iv i t y .  Several attem pts have 
been made to  use n y cta lop ia  (n igh t b lin dn ess) as the b a s is  o f  a b io a ssa y . 
The fundamental r ea c tio n  o f vitam in A aldehyde and opsin  to  form rhodopsin , 
a s p e c if ic  w e ll defined function  o f vitam in A seemed to  j u s t i f y  such e f f o r t s .  
However, the measurement o f n igh t b lin d n ess i s  r e la t iv e ly  d i f f i c u l t  and 
th is  i s  a symptom th at develops very la t e  in  vitam in A d e f ic ie n c y , reducing  
the value of such a b ioassay .
Another group o f b ioassay procedures depends on measuring v itam in  A 
in  the animal; th ese include the determ ination of the vitam in in  blood  
and l iv e r .  The liv e r -s to r a g e  b ioassay for  vitam in A, o r ig in a lly  d ev ised  by 
Guggenheim and Koch (1944), i s  based on the fa c t  th a t su b sta n tia l amounts 
(65 -  70%) o f large  doses o f vitam in A are deposited  in  the l i v e r .  The 
e n tir e  ra t l iv e r  i s  assayed fo r  i t s  vitam in A content as describ ed  above.
Other b ioassays include the measurement o f growth depression and 
o f bone f r a g i l i t y  produced by ex cessiv e  amounts o f vitam in A (Anes, e t  a l , 
1952).
Hypervitam inosis A
In large  doses vitam in A can be to x ic ,  but only in  amounts which 
g r ea tly  exceed normal requirements (D euel, 1957)* The feed in g  o f raw 
l i v e r  to  laboratory animals i s  not advised because the high le v e l s  of  
vitam in A can lead  to overdosage* In 1943> Rodahl & Moore reported bone 
le s io n s  in  young r a ts  which had been experim entally fed  large  q u a n tit ie s  
o f polar bear l iv e r .  The in g e s tio n  of su b stan tia l amounts o f v itam in A 
in  bovine l iv e r  (Herbst, e t  a l , 1944; Pavcek, e t  a l , 1945) has a lso  been 
shown to  cause bone le s io n s  in  young r a ts .
The condition  o f hypervitam inosis A was f i r s t  produced by Takahashi, 
e t  a l (1925) ,  who observed h a ir  l o s s ,  em aciation and hindlimb p a r a ly s is  
when t e s t in g  a vitam in A concentrate, 'b io s te r in 1, iso la te d  from cod l i v e r  
o i l .  In 1945, Moore and Wang fed  young r a ts  c r y s ta ll in e  v itam in A a c e ta te . 
The growth o f a l l  animals was retarded , a lim ping g a it  developed, and 
death u su a lly  occured a fte r  3 weeks. Radio-graphs showed fr a c tu r es , but 
the percentage o f ash in  the bones in d icated  no gross abnormality in  
mineral metabolism. I t  was concluded that the fa u lt  la y  in  the form ation  
or d estru ction  of the bone m atrix. L ater, studying the e f f e c t  of 
hypervitam inosis A on a lv eo la r  bone in  young r a t s ,  Irv in g  (1949* 1957) 
found the ra te  of bone formation was reduced and o steo b la st a c t iv i t y  
depressed. Recent work has demonstrated th a t osteop orosis occurs in  
vitam in A t o x ic ity ,  and th at i t  i s  due to  suppression of o s te o b la s t ic  
a c t iv ity  and hence osteoid production.
In th e  pregnant animal m assive doses can a f f e c t  the fo e tu s e s ,  
r e s u lt in g  in  reso rp tio n  or co n g en ita l m alform ations (C ohlan, 1953).
In f a c t ,  th e m aternal ad m in istra tio n  o f  e x ce ss  v ita m in  A du ring e a r ly  
pregnancy i s  a w e ll- e s ta h lis h e d  te r a ta g e n ic  procedure ( C ohlan, 1953* 
Giroud & M a rtin et, 1954?I960). E n cep h alosis  appears to  be th e  most 
common m a n ife s ta tio n  in  the fo e tu se s  o f  dams tr e a te d  w ith  e x c e s s  
v ita m in  A. This has been rep orted  in  mice (Giroud & M artin et, i 960) ,  
r a ts  (Baba & A raki, 1959) and ham sters (M a rin -P a d illa  & Ferm,1965; 
M a rin -P a d illa , 1966) .
1 .2  VITAMIN E 
Chemi stry
The fu n ction s o f V itam in E1 are not confined to one s in g le  
substance but to  a group o f chem ically sim ilar  compounds, the 
’ to c o p h er o ls ', or ' t o c o ls ’ •
The id e n t if ic a t io n  of those tocopherols which occur n a tu ra lly  
has e sta b lish ed  the ex isten ce  of e igh t of th ese  compounds. Although a l l  
of th ese  are b io lo g ic a lly  a c tiv e , they show very d if fe r e n t  degrees o f  
potency. The most a c tiv e  form, alpha^-tocopherol was one of the f i r s t  to  
be is o la te d  from wheat-germ o i l ,  together w ith  b e ta - , and gamma^-tocopherol 
which a lso  showed ’vitam in E* a c t iv ity  (Evans, e t  a l , 1936). Two years 
l a t e r ,  F em h oltz  (1938) proposed the l ik e ly  com position o f a lp h a-tocop h erol, 
and th is  was f in a l ly  esta b lish ed  la te r  in  the same year by Karrer and 
co-workers (1938). Figure 3 shows the structure o f a lph a-tocopherol, 
tr im e th y l-to c o l.
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Fig. "3 Alpha^-tocopherol.
Two to co ls  w ith  dimethyl groups have been sy n th esised , 5*8-d im ethyl- 
to c o l ,  beta^-tocopherol (Karrer & F ritzsch e, 1939) and 7 j8 -d im eth y l-to co l, 
gamma-tocopherol (Emerson & Smith, 1940)* A c lo s e ly  r e la te d  group o f
compounds, the to c o tr ie n o ls , having the same r in g  stru ctu res but w ith  an 
unsaturated s id e-ch a in  have a lso  been demonstrated (Green, e t  a l , 1955.
1960 b )  but have l i t t l e  ’vitam in E’ a c t iv i ty .
The large  number o f tocopherols and th e ir  great chemical s im ila r ity  
has r e su lted  in  d i f f i c u l t i e s  in  the determ inations o f the biopotency o f  
the variou s compounds. N evertheless a considerable amount o f work has 
been expended in  th is  d irec tio n  (Bunyan, e t  a l ,1 9 6 l; Friedman, e t  a l , 1958; 
Ward, 1958). However, the value o f  th is  work i s  d i f f i c u l t  to  a sse ss  s in ce  
methods o f  adm inistration , experim ental periods and c r i t e r ia  chosen to  
measure the e f f e c t s  were d if fe r e n t . For example, i t  i s  d i f f i c u l t  to  a s s e s s  
the relevance o f experiments in  which the tocopherols were given  by 
in tra p o rta l inje c t io n  (Green, e t  a l , 1960a) when r e la t iv e  a c t iv i t y  o f  oral 
tocopherols i s  to  be e sta b lish ed .
As an in d ica tio n  o f potency i t  i s  usual to  express the r e la t iv e  
’vitam in E’ a c t iv i ty  o f the various tocopherols w ith  referen ce  to  the 
a c t iv ity  o f d,l-alpha^-tocopherol a c e ta te , sin ce  the In tern a tio n a l TJnit i s  
defined as the a c t iv ity  o f lmg o f th is  compound (Brubacher & W iss, 1972). 
Table 2 l i s t s  the r e la t iv e  a c t iv i t i e s  o f some tocopherols in  terms o f  
in tern a tio n a l u n its .
Table 2 . R e la tiv e  a c t iv i t i e s  o f some tocopherols
d, 1-alpha-tocopheryl aceta te 1 iu
d-alpha-tocopheryl aceta te 1*4 in
d -a lp h a-toco l 1*5 in
d-beta^tocol 0 .6  iu
d-gamma^-tocol 0 .1  iu
d -a lp h a -to co tr ien o l 0*5 iu
d -b e ta -to co tr ien o l 0 .05iu
L it t l e  i s  known o f the chemical p ro p erties  resp on sib le  for  
'vitam in E1 a c t iv i t y .  One important fea tu re  i s  that they are antiox idan ts  
and t h is  property accounts fo r  at le a s t  part o f th e ir  b io lo g ic a l action*  
Other b a s ic  chemical p rop erties are, th at the tocopherols are so lu b le  in  
organic so lv en ts , f a t s  and o i l s ;  and they d eter io ra te  slow ly on exposure 
to  a ir  and u lt r a v io le t  l ig h t .
Chemical estim ation
The chemical estim ation  of the vitam in E content of m ateria ls  i s  
in tr ic a te  due to  the need to  separate alpha^-tocopherol from i t s  a sso c ia ted  
contam inants. The choice of chemical assay depends on the nature o f the  
sample, ranging from a r e la t iv e ly  simple method fo r  high potency pure 
concentrates to  involved methods o f assaying natural products, where 
separation from fa t s  and other in te r fe r in g  substances i s  required .
I so la t io n  o f tocopherols from natural products has been p a r t ia l ly  
accomplished by various combinations -of such procedures as extraction: w ith  
ethanol (Qaaife Sc H arris, 1948) or acetone (Booth, 1959; 1963) fo llow ed
by ad d ition  o f water to  the so lven t ex tra ct and r e -e x tr a c tio n  w ith  hexane; 
sa p o n ifica tio n  to  s p l i t  a sso c ia ted  tr ig ly c e r id e s  (Swick Sc Baumann, 1952); 
paper chromatography (Green, e t  a l , 1955); column chromatography (Bro- 
Rasmussen Sc Hjarde, 1957; D icks-B ushnell, 1967);  th in -la y e r  chromatography 
(K ofler , e t  a l , 1962; Sturm, e t  a l , 1966) and g a s - liq u id  chromatography 
(B ier i Sc Andrews, 1963)*
Most determ inations o f the to t a l  tocopherol co n ten t.o f p u r if ie d  
ex tra c ts  are based on the Emmeries Engel rea ctio n  (1938 &,b) which in v o lv e s  
the rea c tio n  o f tocopherols in  the ex tra ct w ith  f e r r ic  ch lorid e  to  y ie ld  
ferrou s ch lo r id e . The ferrous ch lorid e  rea c ts  w ith  d ip yrid y l to
y ie ld  a red complex which i s  measured c o lo r im e tr ic a lly . The reagents do, 
however, r ea c t w ith  any reducing m a ter ia ls  rem aining in  the e x tr a c t . Other
co lo r im etr ic  reagents have been used fo r  the determ ination of to ta l  
tocop h ero ls. For example, Hashim Sc Sch u ttr inger(l966) replaced  
o ^ ^ -d ip y r id y l w ith bathophenanthroline to  provide a more s ta b le  colour  
complex.
In  1966, Hansen Sc Warwick reported a fluorom etric micromethod fo r  
free  and to t a l  vitam in E in  serum u sin g  ex tra ctio n  w ith  hexane a fter  
p r e c ip ita tio n  of protein  w ith eth an ol. Free vitam in E i s  exposed to  
u lt r a v io le t  l ig h t  (295 nm) flu orescen ce i s  recorded at 340 nm.
Vitamin E aceta te  i s  converted to  the a lc o h o lic  form o f the vitam in w ith  
LiAlH^ and to ta l vitam in E i s  measured as fr e e  vitam in E.
Determination of vitam in E by b ioassay w i l l  be described in  a la te r  
se c t io n .
Occurrence in  foods
Tocopherols are w idely d istr ib u ted  in  foods and occur in  the h ig h est  
concentrations in  cerea l grain o i l s .
Many va lu es for  the vitam in E content o f foods have been obtained  
by measuring ' to t a l  toco p h ero ls '. This i s  an inaccurate measure o f the 
a c tiv e  vitam in E content because o f the non-aipha^-tocopherols. D icks (1965) 
has prepared a comprehensive summary o f to ta l  tocopherol l e v e l s  in  foods  
and animal fe e d s , c it in g  alpha^tocopherol va lu es  when a v a ila b le . Other 
review s are a v a ila b le  presenting  d if fe r e n t ia te d  v a lu es  (H arris, e t  a l ,
1950; Ames, 1971)•
During storage and processing  lo s s  o f  a ipha-tocopherol occurs due 
to  the d e le ter io u s  e f f e c t s  of one or more o f the fo llo w in g : oxygen, a lk a l i s ,  
u lt r a v io le t  l ig h t ,  copper io n s , and p ero x id iz in g  unsaturated f a t s .  The 
e f f e c t s  o f harvestin g , processing  and storage on vitam in E content o f foods  
and feed in g  s tu f f s  have been reviewed by H arris (1962);  B runnell, e t  a l 
(1968); and Kivimae & Carpena (1973) .
In animal d ie t s  vitam in E i s  u su a lly  supplemented by the ad d ition  
of powders contain ing vitam in E. The s u s c e p t ib il ity  of vitam in E to  
oxidation  n e c e s s ita te s  carefu l s ta b il is a t io n  of the vitam in fo r  maximum 
r e ten tio n  during storage. The usual method o f s ta b il i s a t io n  i s  to  d isperse  
the vitam in in  a p ro tec tiv e  (but readily-absorbed) m atrix, normally 
g e la tin e  (K laui, e t  a l . 1970). The s t a b i l i t y  of these vitam in E preparations  
i s  very good, u su a lly  80-100% reten tio n  a fter  s ix  months storage a t room 
temperature•
Although alpha-tocopherol can be prepared sy n th e t ic a lly , commercial 
production i s  u su a lly  by the concentration o f vegetab le  o i l s .  Most vegetab le  
o i l s  contain  appreciable amounts of d-a lpha-tocopherol. Corn, cotton seed , 
soybean, and wheatgerm o i l s  contain from 0.02% to  0.2% vitam in E. Su b stan tia l 
amounts o f non-alpha^-tocopherols are o ften  present, fo r  example soybean o i l  
contains about 20% alpha and 60% gamma-tocopherol, and wheatgerm o i l  contain s  
about 60% alpha and the remainder beta-tocopherol (H erting & Drury, 1963)*
D efic ien cy  d isea se s  and disorders
Vitamin E was f i r s t  recognized as a fa c to r  necessary  fo r  normal 
reproduction of the laboratory ra t (Evans & Bishop, 1922). However, t h is  r o le  
has been somewhat overshadowed by i t s  demonstrated fu n ctio n  in  the maintenance 
of the stru ctu ra l and fu n ction a l in te g r ity  o f m uscle. G oettsch and 
Pappenheimer (193*1) were the f i r s t  to  describe a 'n u tr it io n a l muscular 
dystophy1 in  gu in ea-p igs and r a b b its .
Reproduction: Sh ortly  a fter  Evans & Bishop (1922) described  fo e ta l
resorp tion  in  r a ts  fed  a vitam in E -d e fic ien t d ie t ,  M a ttill  & Stone (1923) 
reported te s t ic u la r  atrophy in  male r a ts  fed  a sim ilar  d ie t .
Male r a ts  depleted of vitam in E show no in jury  to  the sem iniferous  
epithelium  u n t i l  a c tiv e  sperm atogenesis begins, a t about 5-6  weeks o f age;
then a p rogressive and r e la t iv e ly  rapid degeneration of the epithelium  
occurs (Mason, 1933; 1940)* There has been no sa tis fa c to r y  explanation  
o f the underlying m etabolic disturbances which, in  the r a t , cause 
irreparable c e llu la r  damage. Some p rotection  can be given by alpha-  
tocopherol adm inistration (d a ily  dose 0 .5  to  1 .0  mg tocopherol) depending 
on the stage of degeneration (Mason, 1940 > Kaunitz, e t  a l , 1944> Evans Sc 
Emerson, 1943)*
T esticu la r  damage, sim ilar to  the early  sta g es  o f in ju ry  in  the r a tj  
has,been observed in  the dog (Brinkhous Sc Warner, 1941) and the rhesus 
monkey (Mason Sc Telford, 1947)* Mouse t e s te s  are remarkably r e s is ta n t  to  
vitam in E d ep letion  and most in v e s tig a to r s  observed no in ju ry  a fte r  
d efic ien cy  periods of up to  14 months (Bryan Sc Mason, 1940; Pappenheimer, 
1942)* However, Menschik and a sso c ia te s  (1949) reported a marked atrophy 
o f the germinal epithelium  a fter  about 18 months.
In the hamster a more gradual process o f degeneration occu rs. The 
arb itrary  stages are l e s s  c le a r ly  defined , and u n less  in jury reaches an 
advanced stage , vitam in E therapy can reverse  the degeneration (Mason Sc 
Mauer, 1957; 1975) .
The observation o f in trau terin e  death and fo e ta l  reso rp tio n  in  
apparently h ea lth y , w ell-nourished  r a ts  was prim arily  resp o n sib le  fo r  the  
discovery o f vitam in E, and la te r  formed the b a s is  fo r  a b ioassay  (Evans 
Sc Bishop, 1922 ; Evans Sc Burr, 1927)* F e r t i l is a t io n  and development o f the  
fo e tu s  appears normal u n t i l  im plantation, which in  the ra t occurs a t about 
7 days p ost-in sem in ation . Several days la te r  fo e ta l  development i s  
retarded and th is  i s  fo llow ed  by asphyxia, starva tion  and death o f the  
fo e tu s . Impaired vascu lar lin k s  between fo e ta l and maternal components o f  
the p lacenta  and a reduced haem opoietic a c t iv ity  of the fo e tu s  appears to  
be resp on sib le  fo r  the regression  o f the fo e tu s . Follow ing the death o f
the fo e tu s , there i s  rapid n ecro s is  and resorp tion , w ith  s l ig h t  u ter in e  
b leed in g  and gradual erosion o f the p lacenta  u n t i l  l i t t l e  more than a 
blood c lo t  remains at term.
F oeta l death and resorp tion  comparable to th at in  the r a t ,  although  
not studied in  the same d e ta i l ,  occur in  the mouse (Bryan & Mason, 1940; 
G oettsch, 1942), the guinea p ig  (pappenheimer & G oettsch, 1941) ^3. 
p o ss ib ly  in  the rabb it (R ingler Sc Abrams, 1971) and ham ster. Magalhaes 
(1957) has confirmed th a t the la t t e r  sp ecies i s  su ita b le  fo r  the b io lo g ic a l  
assay o f vitam in E, employing as the measuring c r i t e r ia  the number and 
condition  o f embryos.
Musculature: The h is to p a th o lo g ica l changes of n u tr it io n a l muscular
dystrophy vary w ith the sp ec ies  and w ith the degree o f polyu nsaturation  of 
the d ie ta ry  fa t ty  a c id s . The fundamental pattern  o f changes can be d iv ided  
in to  an acute reaction  seen in  young animals and a chronic r ea c tio n  observed  
in  the a d u lt.
The acute rea c tio n  i s  ty p if ie d  by the " la te  la c ta tio n "  p a r a ly s is  o f  
r a ts .  When the vitam in E reserves of la c ta t in g  r a ts  are very  low the  
suckling young o ften  ex h ib it a generalized  p a r a ly s is , u su a lly  a t between 18 
to  25 days o f age (Evans Sc Burr, 1928). I t  i s  ch aracterized  by c len ch in g  
of the forepaws, weakness and dragging o f the e x tr em itie s , in a b i l i t y  to  
recover posture when placed on the back, decreased r e sp ir a tio n  and body 
temperature, l i s t l e s s n e s s ,  and even tually  death. The reason fo r  t h is  e f f e c t  
i s  th at the combined p lacen ta l and mammary tra n sfer  of tocopherol i s  minimal 
and any inadequancy of d ietary  tocopherol during la c ta t io n  i s  im m ediately  
r e f le c te d  during t h is  period o f rapid growth. Death i s  probably due to  
impairment o f the resp iratory  m uscles. P ath olog ica l changes have been 
ex te n s iv e ly  described by O lcott (1938), T elford , e t  a l (1940) and 
Pappenheimer (1943)•
Weanling r a ts ,  low in  vitam in E but e x h ib itin g  no symptoms of  
p a r a ly s is , u su a lly  present considerable h is to lo g ic a l  muscle degeneration  
(Pappenheimer, 1943)• Sim ilar muscular changes have been reported in  
other sp e c ie s , such as the rab b it (Mackenzie Sc McCollum, 1940); mice 
(Pappenheimer, 1942) and p ig  (Adamstone, e t  a l , 1949)* Other muscular d is  
of puppies (Anderson, e t  a l , 1939) > mink (Mason Sc Hartsough, 1951) > chicks  
(Dam, e t  a l , 1952) and monkeys (Dinning Sc Day, 1957) are probably due to  
an inadequacy of vitam in E; as are 11 s t i f f - 1  amb" d isea se  (Draper, e t  a l , 
1952) and "white muscle disease" of young ca lv es  (Vawter & Records, 1 9 4 7 )  
observed under farm con d ition s.
In mature r a ts  whose vitam in E reserve prevents the occurence of 
ea rly  le s io n s ,  degenerative changes may not become evident m icroscop ica lly  
u n t i l  the fou rth  or f i f t h  month of d ep rivation . Gross evidence of 
dystrophy does not become apparent u n t i l  the e ighth  to  tenth-month of 
d ep rivation . Macroscopic and m icroscopic d e ta i ls  of dystrophy in  adult 
r a ts  have been presented by Ringsted (1935) > Evans, e t  a l (1938) and 
Pappenheimer (1939)•
The hamster i s  su scep tib le  to  vitam in E d e fic ie n c y  (Houchin, 1942) 
provided the d ie t  i s  high in  polyunsaturated f a t s .  Other in v e s t ig a to r s  
(Dam Sc C hristensen, 1952) u sin g  d ie ts  low in  fa t  were unable to  produce 
muscular dystrophy, even a fter  2 to  3 months. M icroscopic changes, sim ilar  
to  those seen in  the ra t have been described by West Sc Mason (1955» 1958)*
H yaline n ecrosis  and replacement f ib r o s is  o f cardiac m uscle, s im ila r  
to  those changes in  sk e le ta l muscle have been reported in  sev era l sp e c ie s ,  
notably the rab b it (Gatz Sc Houchin, 1951) > ra t (Martin & F aust, 1947) snd 
mouse (Tobin, 1950). These sp ecies  are r e s is ta n t  to  t h is  type o f muscular 
damage and can e x is t  for  many months w ith  ex ten siv e  fo c a l n e c r o s is  and 
scarring o f the myocardium.
Rats fed a vitam in E d e f ic ie n t  d ie t  fo r  several months ex h ib it  a 
yellow-brown d isco lo u ra tio n  o f the u t e r i .  This i s  due to  the 
accumulation o f brown, f lu o rescen t, a c id fa st  pigment granules in  the smooth 
muscle c e l l s  and macrophages o f the myometrium (Mason & Emmel, 1945; Ra-dice 
&. H erraiz, 1949)* S im ilar, but l e s s  pronounced, changes occur in  the smooth 
muscle o f the reproductive tr a c t  and a ssoc ia ted  glands, the sp leen  cap su le , 
small in te s t in e  and bronchi.
V asculature: Inadequate vitam in E in  the chick egg r e s u lt s  in  embryonic
death at about the fourth  day of incubation (Adamstone, 194*1 ) •  This i s  due 
to  d is in teg ra tio n  o f blood v e s s e ls  e s s e n t ia l  to  the young embryo and a ls o  to  
haemorrhage at the ju n ction  of the c e llu la r  surface of the embryo and the y o lk .
Chicks reared from hatch ing on low vitam in E d ie t s  are u su a lly  
a ffec ted  by exudative d ia th e s is  or n u tr it io n a l encephalom alacia. These 
disorders are a lso  in fluenced  by v a r ia tio n s  in  fa t s  and other d ie ta ry  fa c to r s .  
Exudative d ia th e s is  i s  characterized  by the appearance of la rg e  patches o f  
subcutaneous oedema on the b reast and abdomen (Dam & Glavind, 1939)*
N u tr ition a l encephalomalacia i s  a d isorder of the nervous system; symptoms 
include motor incoord in ation , a ta x ia , coarse tremors, stupor and ev en tu a lly  
death (Pappenheimer & G oettsch, 1931; Wolf & Pappenheimer, 1931; Adamstone,
1947)-
Gy orgy and Rose (1948) have shown th a t haemoglohinuria, in tra v a scu la r  
haem olysis, and death, occurring in  a llo xan -trea ted  r a t s ,  are r e a d ily  
prevented by d ietary  tocopherols, although the d iab etes i s  not a f fe c te d .
They a lso  showed th at d ia lu r ic  ac id , a decomposition product o f a llo x a n , 
and severa l r e la ted  compounds produce haem olysis of eryth rocytes (Rose &
Gyorgy, 1949; 1950; Gyorgy 8c Rose, 1949)* This rea c tio n  has formed the  
b a s is  o f an haem olysis t e s t  which can be used to  measure the b io lo g ic a l  
a c t iv ity  o f tocopherols (Rose Sc Gyorgy, 1952). M odification  o f t h i s  t e s t ,
u sin g  d ia iu r ic  acid  or hydrogen peroxide have demonstrated an increased  
tendency to  haem olysis in  red c e l l s  o f ra h h its  (R ingler & Abrams, 1971)» 
newborn r a ts  (Gyorgy, e t  a l , 1951) and premature in fa n ts  (Gordon <5c 
de Metry, 1952).
A pronounced anaemia due to  inadequate ery th ro p o iesis  has been 
reported as an early  sign  o f vitam in E d e fic ie n c y  in  monkeys (Day &
Dinning, 1956; Dinning & Day, 1957)*
Liver & kidneys: In only a few sp ec ies  have h is to p a th o lo g ica l changes
in  the l i v e r  been recorded. MensChik and co-workers (1949) reported a 
p rogressive accumulation o f coarse " lip oproteic"  g lo b u les, sw e llin g  and 
nuclear pycnosis in  h epatic  c e l l s  from mice d ep leted  o f v itam in  E fo r  14 
months or more. D ietary n ecrotic  l iv e r  degeneration i s  a con d ition  in  the  
r a t which develops 45 to  55 days a fte r  weaning. The changes in  the l iv e r  
up to  1 to  2 days before death are only m icroscopic, w ith  a m assive n e c ro s is  
occurring ju s t  before death. This cond ition  has. been shown to  be the r e s u lt  
o f a sim ultaneous d e fic ien cy  of both vitam in E and selenium , but ad d ition  
o f e ith e r  substance to the d ie t  w i l l  prevent the disorder (W itting  &
H orw itt, 1967) .
Martin & Moore (1939) were f i r s t  to  describe a p rogressive  n e c ro s is  
o f the proximal convoluted tu bules in  the kidneys o f r a ts  reared on d ie ts  
d e f ic ie n t  in  vitam in E and contain ing 20% la r d . These changes were 
apparent a fte r  3 to  4 months, and became widespread a fte r  10 months or 
more o f d e fic ie n c y .
Teeth: Depigmentation of the m axillary in c iso r s  o f the r a t  i s  recognized
as a general a f f e c t  of vitam in E d e fic ie n c y  (Moore, 1949); t h is  a lso  occurs 
in  the hamster (Granados, e t  a l , 1946) but the reasons for  th is  e f f e c t  i s  
not known.
Bioassays
Vitamin E b ioassays o f reproduction and. muscular dystrophy are 
p o ss ib ly  more d i f f i c u l t  to  perform than chemical assays because o f the 
need, by d e f in it io n , to  use anim als, but the r e s u lt s  are more m eaningful. 
There are severa l b ioassays in v o lv in g  measurement o f a c t iv ity  in  
reproduction. F oeta l resorp tion  in  r a ts  (Mason & H arris, 1947? Bunyan, 
e t  a l , 196 l) has been e x te n s iv e ly  employed to  e s ta b lish  the a c t iv i t y  of 
various tocoph erols. Weight g a in  duing pregnancy (G o t t l ie b , e t  a l , 1943) 
and t e s t i c u la r  atrophy in  r a ts  ( F i l e r ,  e t  a l , 1946) have a ls o  been  
d escr ib ed  but q u a n tita t iv e  assessm ent i s  d i f f i c u l t .
C arefu lly  co n tro lled  b ioassays based on muscular dystrophy in  ra b b its  
(Hove Sc H arris, 1947) and hamsters (Mason Sc West, 1954)> and on creatin uria  
in  r a ts  (W itting & H orw itt, 1964) have a lso  been used in  the eva lu ation  o f  
the b io lo g ic a l a c t iv i t i e s  o f tocopherols.
With a l l  b io lo g ic a l assays there i s  great n e c e s s ity  fo r  ample 
r e p lic a t io n  and r e p e t it io n  in  order to  e s ta b lish  v a lid  and r e l ia b le  v a lu e s . 
S t a t i s t ic a l  a n a ly s is  to  show confidence l im it s  i s  e s s e n t ia l  to  permit 
unbiased in terp re ta tio n  of the probable actual va lu es or r e la t io n s h ip s .
Hypervitam inosis E
The ava ila b le  inform ation on p o ss ib le  to x ic  e f f e c t s  o f v itam in E i s  
somewhat contradictory . M ellette Sc Leone ( i 960) reported th a t the a d d itio n  
o f large  amounts o f vitam in E to  the d ie t  o f r a ts  fed  n o n -irra d ia ted  and 
irra d ia ted  beef d ie t s ,  increased m orta lity  and coagulopathy as shown by 
depressed prothrombin l e v e l s .  More recen tly  March and co-workers (1973) 
a lso  reported that c lo t t in g  time was lengthened in  chicks fed  high l e v e l s  
o f vitam in E in  the d ie t .  Using d ie t s  contain ing  approxim ately 50 tim es  
the normal allowance o f vitam in E, Dymsza Sc Park (1975) reported no adverse  
e f f e c t s  to  r a ts .
Vitamin E in ter a c tio n s
There are three major re la tio n sh ip s  o f vitam in E, (a) w ith  
selenium , (b) w ith  polyunsaturated fa t ty  acids and (c ) w ith  vitam in  A. 
Other r e la t io n sh ip s  w ith  vitam in C, vitam in K and some B -vitam ins w i l l  
not be described  here.
Selenium was discovered to  be an e s s e n t ia l trace elem ent by Schwarz 
Sc F oltz  (1957) 9 by preventing the onset of l iv e r  n e c ro s is  in  r a ts  on d ie ts  
d e f ic ie n t  in  vitam in E. I t  has a lso  been shown to prevent n u tr it io n a l  
muscular dystrophy in  lambs (Muth, e t a l , 1958). Vitamin E i s  rep laceab le  
by selenium  s a lt s  in  prevention o f l iv e r  n ecro sis  and D esai (1968) has 
shown th at selenium has a sparing e f fe c t  on vitam in E in  prevention  of 
muscular dystrophy.
The requirement fo r  alpha-toc-opherol v a r ie s  -With the l e v e l s  o f  
unsaturated f a t  in  the d ie t  and in v e stig a to r s  have r e la te d  th e degree o f  
unsaturation  o f d if fe r e n t fa t s  to  the ra te  of development o f experim ental 
myopathy (Century Sc H orwitt, I 96O; Horwitt, e t  a l , I 96I ) .
Vitamin E has been shown to  have a sparing e f f e c t  on v itam in  A by 
p ro tec tin g  i t  from oxidation  in  the gut, th e  vitam in E a c tin g  as an 
in  v itr o  antioxidant and under normal cond itions lead in g  to  an in creased  
l iv e r  storage o f vitam in A. Other ways in  which vitam in E may spare A 
are by (a) in crea sin g  vitam in A absorption (Hickman, e t  a l , 1944 );
(b) in crea s in g  vitam in A u t i l iz a t io n  (Lemley, e t  a l , 1947) ^ d
(c) in crea sin g  the storage of vitam in A (D avies & Moore, 1941)* However 
the nature o f the "sparing” e f f e c t  has not y e t been e lu c ia te d  because 
much of the experim ental evidence i s  contrad ictory .
1 .3  THE HAMSTER 
Introduction
There are at l e a s t  70 d if fe r e n t taxonomic forms (sp e c ie s  and 
subspecies) o f the Old World (P a la ea rtic ) ham sters, d is tr ib u ted  among 5 
major genera. Yerganian (1972) has c la s s i f i e d  them on c y to lo g ic a l  
evidence as fo llo w s: the genus o f small or dwarf ham sters, C ricetu lus  
and i t s  severa l subspecies are found in  an ex ten sive  area which spans 
Greece and A sia Minor, eastward through R ussia, T ib et, Mongolia and 
China; the genus C ricetus, which i s  found in  C entral Europe; the genus 
M esocricetus, which ranges from eastern  Europe, A sia  Minor and Iran; the 
genus Phodopus, which occupies the arid  regions o f  China, T ibet and 
S ib er ia ; and the genus Cansumys, lim ite d  to a. s in g le  sp ec ies  found in  
China and Mongolia. Four o f the f iv e  genera are represented  in  the 
laboratory; the main sp ec ies  are the Syrian ham ster, M esocricetus auratus 
introduced in  1930-31» ^ d  the Chinese hamster, C ricetu lu s g r ise u s , 
introduced in  1949-32. Other sp ecies  which have been bred in  the  
laboratory  inclu de the Armenian hamster, C ricetu lus m igratoriu s, the 
Djungarian ham ster, Phodopus sungorus, and the r e c e n tly  introduced  
European hamster C ricetus c r ic e tu s .
Adler (1948) documented the dom estication and in trod u ction  to  the  
laboratory  o f the Syrian hamster. Yergian (1972) g iv e s  a f u l l  h is t o r ic a l  
account o f the events lead in g  to  i t s  in trod u ction  and th a t o f other sp ec ie s  
c it in g  the o r ig in a l correspondence.
The in trod uction  of the Syrian hamster i s  unusual and w e ll  documented 
however i t  does deserve recounting, b r ie f ly .  In 1930 8X1 exp ed ition  le d  
by Professor Ahorani, o f  the Zoology Department, The Hebrew U n iv ersity , 
Jerusalem returned from near Aleppo, S yria  w ith a l i t t e r  o f e ig h t  golden  
ham sters, in  add ition  to  the main aim o f the ex p ed itio n . From th ese  e ig h t ,  
four animals escaped and one female was k i l l e d ,  the three rem aining anim als
one male and two fem ales ( a l l  l i t t e r  mates) su c ce ss fu lly  bred and the  
sp ecies  became quick ly e sta b lish ed . From th is  breeding colony animals were 
sent to  Europe; to  the C ollege de France, the Medical Research Council and . 
the Wellcome Bureau o f S c ie n t i f ic  Research, where Dr.EL H indle succeeded  
in  breeding them in  1931* From t h is  i n i t i a l  su ccess, ex ten siv e  breed ing  
and se le c t io n  has r e su lte d  in  the development o f numerous s tr a in s , inbred  
l in e s  and mutant ty p es , but a l l  o r ig in a tin g  from the t r io  in  Jerusalem .
The number o f hamsters used in  biom edical research has r is e n  from 
about 8,000 in  1952 to  175»000 in  the UK alone in  1971 (Robinson, p erson al 
communication 1977) ,  and usage i s  in creasin g  by about 5 pe^ cent per annum.
In the 3rd E dition  o f the In tern ation a l Index o f Laboratory Animals (F estin g  
& B u tle r , 1975) 101 s tr a in s  o f Syrian hamster are l i s t e d .
Syrian hamsters were o r ig in a lly  introduced in to  the lab oratory  
because o f th e ir  s u s c e p t ib i l i ty  to  k a la -azar, tu b ercu lo sis  and b r u c e l lo s is  
(A d ler , 1948). In add ition  to  t h is  s u s c e p t ib il i ty  the hamster has sev era l 
fea tu res which make i t  un iquely su ita b le  fo r  cer ta in  research  purposes. 
Foremost o f these i s  the membranous, h igh ly  vascu la r ised  pouch o f  sk in  
w ith in  each cheek which, when extended outside the mouth o f  the an a esth etized  
animal, provides an id e a l s i t e  fo r  the study o f erythrocyte movement and 
d is to r tio n  in  c a p il la r ie s  (F ulton , e t  a l , 1947)* A lso, as an im m unologically  
p r iv ileg ed  s i t e  the cheek pouch has a low r es is ta n ce  a g a in st h etero tra n s­
p lan ta tion  o f tumours (Lutz, e t  a l , 1950) ^ d  w ith easy a ccess  fo r  
experim ental procedures (F ulton , e t  a l , 1954) makes a u se fu l model fo r  
t is su e  transplant s tu d ie s .
In  a d d it io n  to  th e  cheek pouch ham sters p o sse ss  a number .o f./-
in te r e s t in g  fe a tu r e s , some of which are e sp e c ia lly  u se fu l in  cancer resea rch . 
Subcutaneous ca rc in o g en ic ity  o f 3» 4-l® nZipyr ane was f i r s t  stu d ied  in  
hamsters in  1939 "by Gye and Foulds; and in  the f i e ld  o f chem ical
carcin ogen esis the hamster has a number o f fea tu res  which occur 
e x c lu s iv e ly . In the sk in , for example, the m a s t-c e ll morphology, 
chem istry and response to  carcinogens d if fe r  from those in  other rodents 
(S e ly e , 1965)* Hamster skin  has a marked tendency toward the form ation  
o f m elanotic tumours-, and the development o f dermal melanocytomas. The 
flan k  gland i s  a dermal structure characterized  by la rg e  sebaceous glands 
which are r e s is ta n t  to  carcinogens and by coarse h a ir  w ith  a prolonged
i
growth phase (G hadially & Barker, i 960);  i t  i s  s e n s it iv e  to  system ic  
tumour ind uction  by oestrogen-androgen m ixtures (Kirkman, e t  a l , 1954)*
The kidney i s  responsive to  oestrogen tumour in d u ction  but Vazquez-Lopez 
( 1944) who f i r s t  rep orted  t h is ,  f a i le d  to  recogn ize i t s  primary renal 
o r ig in . Burrows (1952) has commented on the uniqueness o f hamsters in  
t h is  resp ect s in ce  most in v estig a to rs  f a i l  to  produce cancer o f the kidney.
A fu rth er extension  of the use o f ham sters has been achieved w ith  
s e le c t iv e  breeding and the production of c er ta in  inbred l in e s  th at have 
provided animal models for  the study o f human d is e a se s . These inclu de  
models fo r  muscular dystrophy and cardiomyopathy, f i r s t  reported by 
Homburger and co-workers in  1962. This i s  an h ered itary  muscle d isea se  
and i s  transm itted by an autosomal r ec e ss iv e  gene (Homburger, e t a l , 1963) • 
There i s  general muscular weakness and degeneration, as seen h is t o lo g ic a l ly  
by v a r ia b le  muscle f ib r e  diam eter, c en tr a lly  lo ca ted  m u cle i, coagu lation  
n e c r o s is , macrophages, fa t ty  in f i l t r a t io n  and p r o lif e r a t io n  o f connective  
t is s u e  (Homburger, e t  a l , 1965a; 1966) .  Muscular dystrophy in  man i s  a 
h ered itary  d isorder. Recent advances in  human dystrophy, both d ia g n o stic  
and in  terms o f  understanding of d isease  mechanisms, have come from serum 
enzyme s tu d ie s . Both the gen etic  mechanisms and the enzym ologicai 
behaviour o f dystrophy-like myopathy in  Syrian ham sters c lo s e ly  p a r a lle l  
those seen in  man.
There are a lso  models for ob esity  (Homburger, e t  a l , 1964)5 and
p rogressive h in d -leg  p a r a ly s is , but i t  i s  not y e t  c lea r  whether t h is  
neuropathic mutant has a p a r a lle l in  human pathology (Nixon & Connelly, 
1968). Further s tu d ies  by Homburger . showed certa in  inbred s tr a in s  to  
be h igh ly  su scep tib le  to  the tera togen ic  e f f e c t s  o f thalidom ide  
(Homburger, e t  a l , 1965b ) .  Ferm (1967) a lso  considers the short g e s ta t io n  
period (15-18 days) o f the Syrian hamster to  be a great advantage in  
experim ental te r a to lo g y .
Husbandry
The Syrian hamster has adapted very quickly to  laboratory  co n d itio n s , 
and for  routin e purposes, cages and equipment designed for  r a t s  are 
p e r fe c tly  adequate. Recent reviews f u l ly  describe normal husbandry fo r  the  
hamster (Hoffman, e t  a l , 1968; S la te r , 1972; UFAW, 1972).
B r ie f ly , sa t is fa c to r y  con d ition s include a 15h l i g h t ,  9*1 dark 
a r t i f i c i a l  l ig h t in g  regim e, preferab ly  w ith no natural l ig h t  s in ce  photo­
p e r io d ic ity  can sea son a lly  a f f e c t  breeding (Cusick & C ole, 1959)*
V en tila tio n  o f 15 air- changes per hour, h eatin g  at 20°G i  2°C, and a 
r e la t iv e  humidity o f between 40% and 80% are recommended. These and other  
environmental requirem ents are d iscussed  for  laboratory rodents by Gamble
(1974) .
N u trition
Although becoming more w id ely  used, there have been few in v e s t ig a t io n s  
r e la t in g  to  the n u tr it io n a l requirem ents o f the Syrian ham ster. This fa c t  
i s  emphasised by the referen ces l i s t e d  by K it te l  (1966; 19&9) 
b ib liograp h ies on ham sters, fo r  l e s s  than 1% of the papers were rem otely  
relevan t to  n u tr it io n  and only 26 o f the 3000 c ita t io n s  were s p e c i f ic a l ly  
about n u tr it io n a l requirem ents.
Commercial hamster breeders feed  a great v a r ie ty  of d ie t s ,  and 
combinations o f one or more o f the fo llo w in g  are not uncommon: fr e sh  green s,
m ilk , mixed seed s, rabbit d ie t  and cerea l-b ased  compounded d ie ts  
(personal observations 1974 to  1977)*
G enerally , the requirements o f hamsters are considered to  be 
sim ilar  to  those o f the laboratory r a t ,  and hamsters w i l l  u su a lly  grow 
s a t is f a c t o r i ly  on d ie ts  adequate fo r  r a ts .  This g e n e r a lity , however, 
probably r e f l e c t s  our ignorance o f the n u tr ien t requirem ents o f ham sters. 
This lack  o f  inform ation on th e ir  d ietary  requirem ents has been s tressed  
in  many review s (NAS, 1972; Clark, e t  a l , 1977)*
Energy: The major source o f energy are the carbohydrates. Glucose and
sucrose l e v e l s  o f 60- 65% of the d ie t  have su c c e s s fu lly  been included in  
p u rified  d ie t s  (Hamilton Sc Hogan, 1944; S a lley  Sc Bryson, 1957; Cohen, e t  a l , 
1971) • E rshoff (1956) however reported improved growth and su rv iva l on 
d ie ts  where sucrose was replaced by cornstarch.
There appears to be no q u an tita tive  data on the u t i l i z a t io n  o f  
f ib r e  by the ham ster. S a lley  Sc Bryson (1957) reported  th at ham sters fed  
p u r if ie d  d ie ts  had a d e f in ite  need for  f ib r e  but did  not g ive  a l e v e l .
Fat: In add ition  to supplying energy, d ie ta ry  f a t  i s  necessary  as the
source o f e s s e n t ia l  fa t ty  acids (EFA). C hristensen Sc Bam (1955) f i r s t  
described EFA d efic ien cy  in  the hamster. The symptoms were reduced growth, 
a lo p ec ia , sca ly  sk in , abnormal skin t ig h tn e ss  and profuse sec r e tio n  o f  
cerumen (ear wax). The symptoms were prevented by the ad d ition  o f a 10% 
lard  or l in o le n ic  acid supplement. The data presented  by Knapka Sc Judge 
( 1974) in d ica ted  th at the optimal crude fa t  le v e l  i s  between 5% &nd !%•
The use of 5% corn o i l  (Hamilton Sc Hogan, 1944) or 7% lard  (Schw eigert, 
e t  a l , 1950) in  p u rified  d ie ts  allow ing maximum growth seems to  bear t h is  
out.
P rotein: L i t t l e  inform ation on p rote in  and amino acid  requirem ents of
the hamster i s  a v a ila b le . A protein  le v e l  o f between 15% and 20%, sim ila r
to  th at fo r  the ra t i s  recommended (Banta, e t  a l , 1975)• When ca se in  
was used as the s in g le  p rote in  source a d ie ta ry  intake o f between 12% 
and 16% met the requirement fo r  growth (Arrington, e t  a l , 1966) .
M inerals: Jones (1945) produced r ic k e ts  in  hamsters by feed in g  a d ie t  low
in  vitam in ,D and phosphorus. Normal c a lc i f ic a t io n  was obtained and no 
r ic k e ts  seen, even in  the absence o f vitam in D when optimal amounts o f  
calcium and phosphorus were fed  (0.6% calcium and 0.35% phosphorus). The 
sp e c if ic  requirements fo r  other m inerals could not be d efin ed . The m ineral 
mixture used by Rogers and co-workers (1974) being the most recent and w e ll  
defined was used as the b a sic  mixture in  experim ental d ie t s  used in  the  
present study.
W ater-soluble vitam ins: Q uantitative requirements were f i r s t  reported  in
1942 when Routh & Houchin described the le v e l s  of thiam in, r ib o f la v in ,  
n ia c in , pantothenic acid  and pyrodoxine required by the growing ham ster.
The requirement fo r  n ia c in  was questioned by some workers (Cooperman, e t  a l , 
1943» Granados & Bam 195^). Hamilton & Hogan (1944) could not show a 
requirement fo r  growth but did obtain  some evidence th at n ia c in  i s  required  
for  reproduction and la c ta t io n . They a lso  reported th a t b io t in  was not 
required by the growing ham-ster although Cooperman, e t  a l  (1943) noted somewhat 
slower growth in  i t s  absence. Granados & Bam (1950) found th a t ch o lin e  i s  
required fo r  rapid growth, but Hamilton &■ Hogan (1944) could show no 
q u a lita t iv e  requirem ent.
More r ec e n tly  requirem ents for  vitam in B12 (Cohen, e t  a l , 1967;
Tseng, e t  a l , 1976) and f o l i c  acid  (Cohen, e t  a l , 1971) have been d escr ib ed .
No requirement fo r  ascorbic acid  for  growth has been demonstrated  
(Clausen & Clark, 1943; Cooperman, e t  a l , 1943)*
F at-so lu b le  v itam ins: There are no q u a n tita tiv e  requirem ents o f th ese
vitam ins fo r  ham sters. The f i r s t  q u a lita t iv e  observation dated back to
1942 when Houchin described a requirement fo r  vitam in E. Since then  
p u r if ied  d ie ts  contain ing 25 mg alpha-tocopherol per kg d ie t  and small 
amounts o f polyunsaturated l ip id s  appear to  have proved adequate 
(Hamilton & Hogan, 1944; S a lley  & Bryson, 1957)* Symptoms o f v itam in E 
d e fic ie n c y  so fa r  reported are: t e s t ic u la r  degeneration, muscular weakness, 
purulent secretio n  about the eyes and h y p e r ir r i ta b il i ty ,  fo llow ed by 
c o lla p se , stupor and death (Hamilton & Hogan, 1944; Houchin, 1942; L eicht 
&, Gatz, 1950; Mason Sc Mauer 1957; West Sc Mason, 1958)*
Jones (1945) reported th a t, l ik e  the r a t ,  the hamster req u ires l i t t l e  
or no vitam in D in  the d ie t  provided the calcium -to-phosphorus r a t io  i s  
optimum (0.6% calcium , 0*35% phosphorus). T ypical r ic k e ts  were induced 
by feed in g  a d ie t  that was high in  calcium and low in  phosphorus and 
vitam in D.
I t  was. H irschi (1950) who f i r s t  produced vitam in A d e fic ie n c y  in  
ham sters, he observed extreme weight lo s s  and xerophthalm ia. Squamous 
m etap lasia  or k era tin iza tio n  o f sa liv a ry  g land s, resp ira to ry  mucosa and 
gonads was described la te r  (S a lle y  & Bryson, 1957; S a lle y , e t  a l , 1959)*  
There has been no research in to  the q u a n tita tiv e  requirement o f t h is  
important vitam in.
The evidence for  a vitam in K requirement i s  c o n tr a d ic to r y  •
Hamilton Sc Hogan (1944) observed haemorrhage in  muscle and subcutaneous 
t is s u e  in  i t s  absence but Granados & Bam (1950) were unable to  show a 
requirement fo r  th is  n u tr ien t in  growing ham sters.
1 .4  THE OBJECTIVE OF THIS THESIS
The number o f Syrian hamsters used in  biom edical research  i s  
in creasin g  annually. Yet d esp ite  i t s  importance as a research  anim al, there  
have been very few in v e s t ig a t io n s  regarding i t s  n u tr ien t requirem ents. This 
lack  o f knowledge has been h ig h -lig h ted  by a p u b lica tion  from the N ational 
Academy of Sciences e n t it le d , "Nutrient requirements o f Laboratory Animals" 
(1972). The ro le  o f Syrian hamsters in  research and th e ir  n u tr ien t  
requirements as known at p resen t, have been reviewed e a r l ie r  in  t h is  
chapter ( 1 *3) .
In the absence o f d ie t s  made s p e c if ic a l ly  fo r  ham sters, most workers 
have assumed th at i t s  requirem ents are sim ilar to  those o f the mouse and r a t  
and have th erefore fed  them accordingly. There i s  l i t t l e  evidence th at the  
requirements fo r  growth o f hamsters d if fe r  from those o f r a ts  and mice 
(S a lle y  & Bryson, 1957» Arrington, e t  a l , 1966; Knapka & Judge, 1974)• 
Schweigert (1962) ,  has given 'S a t is fa c to ry  L evels o f N u trien ts to  Meet the  
N u trition a l Requirements o f the Growing Hamster*, based la r g e ly  on p r a c t ic a l  
experience rather than c r i t i c a l  experim entation. Inform ation i s  even more 
sparse on the q u a n tita tiv e  requirements for  reproduction o f the ham ster.
Folk and Farrand (1957) reported th at stored rodent d ie t  produced 
normal growth of r a ts  but not ham sters. The normal w eights o f ham sters wene 
restored  by a supplement o f v itam ins A, C, D, thiam in, r ib o f la v in , n ia c in  
and tocoph erols. A ltern a tiv e ly , fresh  d ie t  from the same manufacturer 
supported normal growth o f ham sters. Thus lo s s  o f v itam ins in  commercial 
d ie ts  may be more important fo r  r a is in g  hamsters than r a t s .  Several o f  the  
Laboratory Animals C entre's accred ited  commercial breeders questioned the use  
of ra t and mouse d ie ts  for  hamsters because they found th a t they were unable 
to  m aintain maximum production s o le ly  on th ese  d ie t s .  They overcame t h is  
problem by supplementation o f the d ie t  with gra in s, seed s, green food , and 
milk or vitam in concen trates. However, the feed in g  o f 'fr e sh ' fo o d s tu f fs ,
alone or as a supplement to  a compounded d ie t  i s  un d esirab le  prim arily  
because o f  p o ss ib le  m icrob io log ica l contam ination (C lark, e t  a l . 1977) •
This in d ica ted  th at in v e s tig a tio n  in to  the q u a n tita tiv e  n u tr ien t requirements 
of t h is  in crea sin g ly  important laboratory sp ec ie s  was required so th a t a 
su ita b le  d ie t  could be developed.
The present study in to  the q u a n tita tiv e  n u tr ien t requirem ents o f the 
hamster was concerned p a r ticu la r ly  w ith  the requirement o f the fa t -so lu b le  
vitam ins A & E. Work in to  the requirement o f p ro te in  and energy was already  
in  progress in  the laboratory. Several s tr a in s  o f hamster were maintained  
on d ie t s  made from p u rified  in gred ien ts so that the s p e c if ic  vitam ins could  
be stud ied  in  c lo s e ly  con tro lled  experim ents.
In t h is  study only four s tr a in s  o f hamster were used , out o f the  
101 s tr a in s  l i s t e d  in  the In tern ation al Index o f Laboratory Animals (F estin g  
& B u tler , 1975) j ^ut th ese show c lea r  s tra in  d if fe r e n c e s .
A sem i-syn th etic  d ie t  based on p u r if ie d  f a t - f r e e ,  v ita m in -free  ca se in , 
cornstarch , sucrose, and a fa t  source togeth er w ith  vitam in and m ineral 
m ixtures was used as th is  d ie t  i s  very reproducible from batch to  batch and 
because the le v e l s  of n u tr ien ts  are known and can e a s i ly  be v a r ied . This g iv e s  
a c le a r  advantage over compounded d ie ts  whose raw m a ter ia ls  are never constant 
and vary depending on a wide v a r ie ty  o f fa c to r s , such as:- (a) C lim atic  
co n d itio n s , which a f fe c t  the amount o f growth a p lan t makes and whether i t  
rip ens s a t is fa c to r i ly ;  (b) F e r t i l iz e r s  and s o i l  co n d itio n , which can a f fe c t  
p rote in  and m ineral content; and (c) Storage, poor storage co n d ition s can 
mean a lo s s  in  nutrien ts,- e sp e c ia lly  vitam ins A & E.
The main in d ices  of adequacy of d ie t  have been growth (as in crease  in  
body w e ig h t) , and reproductive performance which was p a r tic u la r ly  important 
w ith regard to  the background of th is  in v e s t ig a t io n . S p e c if ic  in v e s t ig a t io n s  
r e la t in g  to  each in d iv id u a l vitam in and th e ir  in te r a c tio n  have a lso  been
carried  ou t.
Vitamins A A E have been reviewed e a r lie r  in  t h is  chapter (1 .1  &
1.2 r e s p e c t iv e ly ) . The requirement of the ra t for  th ese  vitam ins has been 
very w e ll documented, whereas there i s  l i t t l e  inform ation on the ham ster.
Some o f  the f i r s t  experiments in  th is  study retraced , in  p art, the ea r ly  
q u a lita tiv e  in v e s t ig a tio n s  o f S a lley  & Bryson (1957) in to  vitam in A 
requirement, and West Sc Mason (1955) ^ d  Mason & Mauer (1957) in to  the  
vitam in E requirement o f the hamster. This enabled ch a ra cter isa tio n  o f the  
d efic ien cy  symptoms to  be made under the present t e s t  co n d itio n s . In  
add ition  to growth and reproductive performance, non-invasive behavioural 
t e s t s  have been used , such as the open f i e ld  t e s t  to  measure ex p lo ra tiv e  
a c t iv ity  in  vitam in E d e fic ie n c y , and depth perception on the v is u a l c l i f f  
in  red l ig h t  to  in v e s t ig a te  the onset of n igh t b lin dn ess in  vitam in A 
d efic ie n c y . Macroscopic and m icroscopic post mortem examination was carried  
out fo r  the ch a ra cter isa tio n  o f d e fic ien cy  symptoms, p a r tic u la r ly  t e s t ic u la r  
degeneration and muscular dystrophy. The d ia lu r ic  acid  haem olysis t e s t  
(Gyorgy Sc Rose, 1949) was a lso  used to  id e n t ify  vitam in E d e f ic ie n c y . However, 
since th is  was a chemical haem olysis the use o f the osm otic f r a g i l i t y  t e s t  
was in v estig a ted  as an a lte r n a tiv e  and the general b lood p ictu re  examined.
The le v e l s  of v itam ins a fter  feed in g  d e f ic ie n t  d ie ts  were a ssessed  by 
measuring l iv e r  vitam in A and serum vitam in E.
Having esta b lish ed  measures o f d e fic ien cy , in v e s t ig a t io n s  in to  the  
q u an tita tive  requirement were made. Since i t  i s  known th at in te r a c t io n s  
between fa t -so lu b le  v itam ins occur, the study examined the e f f e c t s  o f  
several l e v e l s  o f each o f the vitam ins in  r e la t io n  to  the o th er . A two-way 
an a ly sis  o f variance was used when three or more concen trations o f each o f  
the two vitam ins were fed  in  a l l  com binations. This design had the j o in t  
advantages o f in creasin g  s t a t i s t i c a l  p recision  w h ils t  keeping the number o f  
animals used to  a minimum.
To e lu c id a te  a problem o f pre-weaning m orta lity  in  hamsters fed  the  
control sem i-pu rified  d ie t  an in v e s t ig a tio n  was made in to  the requirem ent o f
f a t s  and e s s e n t ia l  fa t ty  acids u sin g  growth and reproductive performance 
as the main c r i t e r ia .
I t  i s  hoped th at th is  study w i l l  contribute towards the eventual 
form ulation and commercial production o f  a hamster d ie t ,  and provide 
inform ation towards the form ulation o f p u r ified  d ie t s  fo r  use in  research  
employing t h is  sp e c ie s .
CHAPTER 2 
GENERAL MATERIALS AND METHODS
GENERAL MATERIALS AND METHODS
This sec tio n  g iv es  b a sic  d e ta i ls  of the hamsters used , th e ir  
husbandry and environment, together w ith  d e ta ile d  d escr ip tio n s  of the  
com position , o f d ie ts  and m ethodologies. Each experiment w i l l  g ive  
s p e c if ic  d e ta i l s  o f animals and observations togeth er  w ith  any v a r ia tio n s .
Hamsters
Four s tr a in s  o f Syrian hamsters, category 2 -s ta r  (MRC, 1974 ) were 
u sed , 2 s tr a in s  from the Laboratory Animals Centre, and 2 from LAC 
A ccredited Breeders.
S tra in  D escrip tion  Source
ALAC/Lac Inbred, a lb ino (acrom elanic) LAC
CLAC/Lac Inbred, cream LAC
DSN Outbred, golden Coombehurst
Breeding Establishment^
pWO Outbred, mixed co lours W right's
Husbandry
Hamsters were caged in  NKP^  polypropylene cages w ith  s o lid  bottoms 
and s ta in le s s  s t e e l  w ire top s, measuring e ith e r  45 x 28 x  22cm (type RB3) 
or 38 x 25 x 18cm (type RM2).
Autoclaved softwood sawdust was used as l i t t e r  and autoclaved shredded 
paper or wood-wool as bedding m ater ia ls .
Routine husbandry procedures con sisted  o f d a ily  checking o f anim als, 
food and water, and recording b ir th s , in ju r ie s  and m o r ta lit ie s ;  and a weekly  
change o f cages.
Environment
The hamsters were housed in  a room measuring 3*75 x 2*5 x 2.5m w ith  
a window in  one end; a 15h l ig h t  and 9h dark a r t i f i c i a l  l ig h t  c y c le  was
euperimposed on the natural l ig h t in g . Temperature was m aintained at 
22 °C ±  2°C and recorded d a ily . Extremes o f 18°C and 28°C were observed 
during the period  o f experim entation. On occasion  r a ts  and mice were a lso  
housed in  t h is  room.
P ie ts
A ll d ie ts  were sem i-pu rified  and of s im ila r  com position. The le v e l  
of B-vitaimnsand f ib r e  were increased  part way through the s e r ie s  o f  
experiments a f t e r  fem ales fa i le d  to  breed on th e control d ie t s  (Table 3 ) .  
The amounts o f fa t -so lu b le  vitamins A A Swere varied  according to  the  
experiment and are d e ta iled  fo r  each experiment; s im ila r ly  the type o f o i l  
used depended on the in v e s t ig a tio n . PRD d ie t  (Labsure Animal Foods^ )
(Table 7) served as a control d ie t  in  some experiments and was the standard 
d ie t  fed  to  hamsters used in  the c o lle c t io n  of normal v a lu e s .
Table 3 o u tlin es  the com position of the basal sem i-p u rified  d ie t  used  
in  th ese s tu d ie s . I t  was derived from sem i-pu rified  d ie ts  shown to  be 
su ita b le  fo r  r a t s ,  and m odified according to  inform ation a v a ila b le  in  the  
l i t e r a tu r e  on n u tr it io n a l requirements o f  the hamster.
The f ib r e  le v e l  was increased  a fter  i n i t i a l  breeding s tu d ies  (Table 3) 
because o f problems o f decreased f e r t i l i t y ,  abortions and cannibalism . .
I t  was thought that because the hamster had a p a r tic u la r ly  pronounced 
forestom ach th at t h is  could be important in  i t s  general n u tr it io n . Banta, 
e t  al (1975) suggested th at the b a c te r ia l f lo r a  of the forestom ach converts  
n u tr ien ts  to  n o n sp ec ific  n itrogen  compounds. I t  may a lso  u t i l i z e  f ib ro u s  
feed  m ater ia ls  as an energy source. Personal observations show a pH o f 4*5 
in  the forestomach and 1*3 in  the true stomach; a t r ia l  u s in g  m ethylene b lue  
dye in d ica ted  th a t food i s  held  in  the forestomach longer than in  the  
stomach; and various sp ec ies  o f b a c ter ia  have been is o la te d , B a c illu s  
s u b t i l i s ,  L a c to b a c illi spp. and an alpha^-Haemolytic S trep to co cc i.
The com position o f the mineral mix used in  the d ie t s  (Table 4 ) was 
based on th a t described by Rogers? e t  a l  (1974) •
Table 5 g iv es  the composition o f the vitam in B m ixture. The le v e l s  
o f r ib o f la v in , choline ch loride and f o l i c  acid  were increased  in  an e f fo r t  
to  overcome the breeding problem. There i s  some evidence th a t choline i s  
required fo r  su ccessfu l la c ta t io n  (Hamilton Sc Hogan, 1944) "but a q u a n tita tiv e  
requirement has not been determined.
The fa t -so lu b le  vitam in mix of control sem i-p u rified  d ie ts  i s  given  
in  Table 6 .
Both the fa t -so lu b le  vitam in mix and the B-vitam in mix were prepared 
by f i r s t  m ixing the vitam ins w ith a p e s t le  and mortar w ith  g lu co se , adding 
the glucose a l i t t l e  at a time u n t il  the batch, u su a lly  300g was com plete.
The vitam in pre-mixes were stored at 0-4°C b efore u se . The mineral mix, 
u su a lly  1kg, was prepared in  a sim ilar  manner, s ta r t in g  w ith  the sm allest  
q u a n tit ie s  and mixing w ith a p e s t le  and mortar. The f in a l  m ixing o f the 
d ie t  was carried  out on a Hobart mixer in  1*5 to  4kg b atch es. Casein and 
sucrose were mixed b r ie f ly  and then the o i l  added (lard  was g en tly  m elted  
before u s e ) . The granular nature o f the ca se in  and sucrose allowed an even 
d is tr ib u tio n  o f the o i l  w ithout aggregation o f components. The other 
components were then added and the batch mixed fo r  30 m inutes.
The d ie ts  were fed  ad lib itu m  in  g la s s  p o ts  7cm high and 22cm diameter 
w ith a b a k e lite  screw top in  which a hole was d r i l le d . The diameter of the 
h ole  was varied  w ith the s iz e  o f the animal to  minimise wastage ( 2 .5cm for  
hamsters up to  8 weeks o ld , and 3*8cm for  ham sters over 8 weeks o ld ) .
Food consumption
In severa l experiments apparent food consumption was measured (w eight 
of food fed  minus weight of food remaining) and a measure o f r e a l food  
consumption made by estim atin g wastage o f d ie t .
Body w eights
f ■
Animals were weighed on a Torbal, to rsio n  balance, once or tw ice  
a week, or in  the case o f  pregnant or la c ta t in g  female ham sters every  
th ird  o f fourth  week to  reduce s t r e s s .
Breeding
Hamsters were mated as e ith e r  (a) monogamous p a ir s , e s ta b lish e d  a t  
weaning fo r  l i f e ,  or (b) weekly when required , the fem ale b ein g  introduced  
to  the male.
To measure reproductive success the fo llo w in g  observations were 
recorded.
Number of pregnancies per female
Number o f l i t t e r s  bom  per female
Number o f pups born per l i t t e r
M o r ta lit ie s  and age at death of pups
Number o f pups weaned (a t 21 days) per l i t t e r
Age o f f i r s t  l i t t e r
I n t e r - l i t t e r  in ter v a l ( i f  monogamous p a ir s )
From th is  inform ation in d ic e s  o f f e r t i l i t y ,  v ia b i l i t y  and la c ta t io n  
(Verschuuren, e t  a l , 1973) were ca lcu la ted .
F e r t i l i t y  index = Ho. o f pregnancies 
17 No. o f matings
Tr• • *i • t . , No. pups a liv e  a t day 5V ia b il ity  index = -----------  r---------------- x 100J No. pups born
t _ _l_ i . . No. pups a l iv e  at day 21 __L actation  index = —-----— -r-.------------ . 17 c - x 100No. pups a liv e  a t day 5
The f e r t i l i t y  index r e la te s  to  the reproductive p o te n tia l o f  the  
parents, th e ir  a b i l i t y  to  produce f e r t i l e  gametes, and m aintain embryos.
The v ia b i l i t y  index d escrib es the newborn pups a b i l i t y  to  survive and i s  
dependent on p la cen ta l n u tr it io n  and body reserves o f n u tr ien ts  during a
period when milk cannot he f u l ly  u t i l i z e d .  The f in a l  index, th at of 
la c ta t io n  measures the mother*s a b i l i t y  to  su sta in  her young and i s  
dependent on her n u tr it io n a l s ta tu s .
Behaviour
Open f i e l d  t e s t  s The open f i e ld  apparatus a v a ila b le  at the LAC was
used fo r  the measurement o f exp lora tive  a c t iv i t y  as a p o ss ib le  non -invasive  
estim ation  .of muscular weakness in  vitam in E d e f ic ie n t  ham sters.
The apparatus (F ig . 4) con sisted  o f a 90cm x 90cm square b ase , w ith  
22 cm high w a lls  constructed in  1cm plywood and pain ted  medium grey . The 
grey form ica base was divided equally in to  12*5 cm squares, and a grey 
removable square cylind er ( *home-box1) , 12*5cm x 12.5cm x 12*5cm, was 
placed  on the centre square. The'home-box*allowed the animal time to  *settle' 
before the t e s t .
The procedure was to  p lace a hamster in  the 'home-box* fo r  30 seconds, 
remove the box and record a c t iv i t y .  Latency (tim e taken by the animal to  
lea v e  the cen tra l square) was a lso  recorded. Exploratory a c t iv i ty  was 
measured as the number o f squares entered by the su b ject during a two 
minute t e s t  period . "Entering” a square required three f e e t  touching the 
f lo o r  w ith in  a square. Immediately a fte r  each subject had been te s te d  the  
f lo o r  and w a lls  were wiped w ith a damp c lo th  and d ried .
Depth perception  te s ts  The use o f the depth perception  t e s t  on a v isu a l  
c l i f f  in  subdued l ig h t in g  was in v e stig a te d  as a p o te n tia l non -in vasive  
in d ica to r  o f r e t in a l damage in  vitam in A d e fic ie n c y . The method used a 
standard v is u a l c l i f f  and red l ig h t .
The equipment con sisted  of a 60cm square g la s s  p la t e ,  placed w ith in  
four surrounding w a lls , 30cm from the top* A reg u la r ly  chequered p attern  
(2cm squares) f i t t e d  d ir e c t ly  under one h a lf  o f the gLass, w h ile  a s im ila r  
pattern  covering the en tire  f lo o r  was placed 45cm below the rem aining
g la ss  side* A runway JOcm lon g , 7cm wide and 5cm h igh , d iv ided  the 
apparent "deep11 and "shallow” s id es  o f the c l i f f  (Fig* 5)« The apparatus 
was illu m in ated  hy e ith e r  a 40 w att red lamp or a 60 w att p earl w hite lamp, 
60cm over the centre o f the runway. White ch eeseclo th  suspended 10cm under 
the l ig h t  source d iffu sed  the l ig h t  and elim inated  shadows*
T est procedure: A fter 60 mins dark adaptation, the t e s t  hamster was
placed on the runway and la ten cy  (the time taken before a descent) and 
sid e  o f descent (shallow  or deep) recorded. Animals which f a i l e d  to  descend 
w ith in  the 5 minute t e s t  period were removed from the apparatus and 'no 
d escen t1 recorded. The shallow and deep s id e s  were reversed  p e r io d ic a lly  
to  e lim in ate  any sp e c ia l o r ien ta tio n  in  repeated te s ts*  The g la s s  su rface, 
runway and w a lls  were wiped clean  w ith a damp c lo th  between each in d iv id u a l 
t e s t .
H istopathology
At the completion o f a study, animals were k i l le d  w ith  carbon d iox id e  
gas and a macroscopic and h isto p a th o lo g ica l examination carr ied  out, as 
required* The exam inations carried  out w i l l  be sp e c if ie d  in  each experim ent.
Blood, i f  required , was c o lle c te d  by in tracard iac  puncture a f te r  
opening the th orac ic  cavity* For haem atological measurements 1ml o f blood  
was added to  lith iu m  heparin* The remainder was allowed to  c lo t  and serum 
prepared fo r  chemical determ ination o f vitam in E*
A fter blood c o lle c t io n  the th oracic  and abdominal c a v i t ie s  were f u l ly  
opened and organs examined. The fo llo w in g  organs were removed, cleaned o f  
extraneous t is s u e ,  r in sed  in  0*9% 7 v  sa lin e , dried  and weighed on a Stanton  
Instrument to r s io n  balance, s e n s it iv e  to  O.lmg.
Lungs
Liver
Heart Kidney ( l e f t )
T e s tis  ( l e f t )
T e s t is  fa t  pad ( l e f t )
Spleen U terine horn ( l e f t )
Adrenal T ib ia
Eye Abdominal f a t
Brain Ovary
These organs (excluding abdominal and t e s t i s  fa t )  together w ith  the 
fo llo w in g
Muscle (b iceps fem oris) Trachea
Diaphragm S alivary  gland
Tongue Spleen
were f ix e d  in  10% phosphate buffered formal s a lin e , and p a ra ffin  processed  
fo r  m icroscopic exam ination. The specimens were section ed , normally a t 4p. 
sta in ed  w ith haematoxylin and eosin  and examined under the l ig h t  m icroscope.
The u te r i  of fem ales pregnant at autopsy were examined and the number 
of v ia b le  fo e tu ses  and resorption  s i t e s  counted. A la t e  resorp tion  s i t e  
was d efin ed  as a w hite nodular process on the u ter in e  w a ll and an e a r ly  
resorp tion  s i t e  as a degenerate fo e tu s .
Haematology
Haem atological measurements were made on lith iu m  h ep arin ised  blood  
obtained by in tracard iac puncture u sin g  techniques f u l ly  described  by 
W illiam son & F estin g  (1971)* Total erythrocyte and leu cocyte  counts were 
made by a standard method u sin g  a model Fn Coulter Counter , a suspension  
of an ticoagu lated  whole blood in  p a r t ic le  fr ee  bu ffered  s a lt  so lu tio n  
( iso to n  ) being used fo r  erythrocytes and a ly sed  suspension fo r  le u c o c y te s .
Haemoglobin was estim ated as cyanmethaemoglobin and packed c e l l  volume 
determined by cen tr ifu gation  in  a Hawksley microhaem atocrit c en tr ifu g e .
Vitamin E d efic ien cy  procedures increased  erythrocyte f r a g i l i t y  in  
the d ia lu r ic  acid  t e s t  of haem olysis (Gyorgy & Rose, 1949? Friedman, e t  a l t 
1958). To in v e s t ig a te  whether the haem olysis occurs because o f erythrocyte
membrane weakness a second t e s t  o f f r a g i l i t y ,  osm otic f r a g i l i t y  was used*
The method was based on Par-part, e t  a l (1947) i s  w id ely  used c l in ic a l ly .  
Increased osm otic r e s is ta n c e s  are found in  a wide range o f  co n d itio n s, sudi 
as l i v e r  d ise a se , haem olytic anaemia, and iron d e f ic ie n c y .
D ia lu r ic  ac id , k in d ly  supplied by Dr. I.M. Sharman o f the Dunn 
;N u t r i t ion al Laborator y , Cambridge, was used  in  th e f o l l owing metho d .j
Blood (1ml) was c o lle c te d  in to  a cen tr ifu ge tube con ta in in g  2ml c i t r a t e -  
sa lin e  so lu tio n  (0.6% w/v  sodium c itr a te , 0*9% W/ v  sodium c h lo r id e ) . This 
was cen tr ifu ged  a t 2500 rpm for  10 minutes and the supernatent removed.
The red blood c e l l s  were washed w ith 5ml sodium ch lor id e  so lu tio n , 0*9% W/ v  
and re -cen tr ifu g ed , the washings being removed as b e fo re . The RBC's were 
made up to  a 5 ml suspension in  0 . sodium ch lor id e  so lu t io n . The t e s t s
were performed w ith in  a few hours of c o lle c t io n  s in ce  c e l l s  th a t are allowed  
to  stand show increased  f r a g i l i t y .
Three tubes A, B, and C were used fo r  each determ ination . B uffer  
(0.25ml phosphate b u ffer , pH 7»4» 0.2M KH2PO4 and 0.2M NaOH, 50mL o f each 
and 100ml d i s t i l l e d  water) was added to  tube A and C. Tube B contained  
0 . 15ml b u ffer  and 0.1ml d ia lu r ic  acid  so lu tio n  (lmg d ia lu r ic  acid/m l b u ffer  
so lu t io n ) . RBC suspension (0.25m l) was then added to  each tube. The tubes 
were incubated at 57°C fo r  15 min and then a t room temperature fo r  a 
further 45 min. Tubes A and B were cen tr ifu ged  as b efore and 0.2m l 
supernatent p ip etted  in to  two further tubes D and E. Ammonium oxa la te  
so lu tio n  (l% W/v ;  5^1) was added to  tube C to  com pletely haemolyse the c e l l s ,  
and 2ml 0*9% A sodium chloride so lu tion  was added to  tubes. D and E. The 
absorption o f the l iq u id  in  tubes E and C was measured a t 540rmi* Tube D 
served as the reagent blank.
The degree o f haem olysis was ca lcu la ted  as the e x t in c t io n  o f E 
( t e s t  sample) d ivided by the ex tin c tio n  o f C (100% h a em o ly sis), m u ltip lied  
by 100 to  express the r e s u lt  as a percentage.
Osmotic f r a g i l i t y  was determined by incubating blood samples w ith  
hypotonic sa lin e  so lu tio n s  to  ly s e  the c e l l s  and measuring haem olysis 
spectrop hotom etrically .
A stock so lu tio n  o f sodium ch loride buffered w ith  phosphates to  
pH 7*4, o sm otica lly  equ iva len t to  10% NaCl (NaCl, 180g; Na^HPO ,^ 27 
anhy. wt . ;  NaH2P04, 3»74g anhy. w t. in  d i s t i l l e d  water to  2 l i t r e s ,  prepared 
fresh  weekly) was prepared. This was d ilu ted  to  g ive  the fo llo w in g  hypotonic  
so lu tio n s; 0.85%, 0.75%, 0 . 65%, 0.55%, 0 . 50%, 0.475%, 0 . 45% 0 . 40%, 0 . 30% 
0.20%. H eparinised cardiac blood was aerated fo r  one minute by g en tle  m ixing  
to  ensure uniform oxygen sa tu ra tion . Blood (0.1m l) was mixed w ith  JmL o f 
?ach o f the hypotonic so lu tio n s  and incubated at ambient temperature fo r  
30 m ins. The KBC so lu tio n s were cen trifuged  at 2500rpm for  10 m ins, and 
the absorption o f the supernatent measured at 540nm.
Vitamin determ inations
The method fo r  determ ination o f serum vitam in E was based on th a t o f 
Hashim & Schuttringer (1966) .  Serum (or plasma) prote in s were p r e c ip ita te d  
and the system extracted  w ith heptane.
Absolute ethanol (0*3nil) was added to  0*3nil serum and mixed fo r  10 sec s  
to  p r e c ip ita te  the p rote in  fr a c tio n . n-Heptane (0.6m l) was added and mixed 
fo r  60 sec s . The tubes were covered w ith  parafilm  and cen tr ifu ged  a t lOOOrpm 
fo r  5 mins. The upper heptane layer  (0.5m l) was tran sferred  to  a second 
tube; a blank, contain ing 0«5ml heptane was a lso  prepared. Bathophenan- 
th ro lin e  reagent (100yd.; 0 . 147% i n absolute ethanol) was added to  each tube 
and gen tly  a g ita ted  fo r  20 seconds. The transm ittance o f JB-carotene was 
then measured a t 452nm. A fter the measurement of ^ -carotene 50/dL f e r r ic  
ch lorid e  reagent (PeCl^. 6H2O, 0.4% w/ v  in  absolute ethanol) was added and 
mixed for  30 seconds. Phosphoric acid  reagent (50yd.; H3PO4 , 100%, 6.23% w/ v  
in  absolute ethanol) was added and shaken fo r  30 seconds. The transm ittance  
of the so lu tio n  was measured at 552nm.
For t h is  estim ation  a C ecil CE 303 spectrophotometer f i t t e d  w ith  
a m icro ce ll attachment (0«5ml capacity  m icroce ll by Hellma) was used*
Standard curves were determined u sin g  pure aipha-tocopherol in  heptane.
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Alpha—tocopherol was k indly  supplied by Roche Products Ltd • Serum and 
plasma le v e l s  of vitam ins are dependant on body reserv es  o f the v itam in . 
Vitamin A in  p articu lar  i s  stored in  la rg e  amounts in  the l iv e r .  A nalysis of 
l i v e r  vitam in A and vitam in E was attempted based on a method b ein g  used in  
our laboratory fo r  the q u an tita tive  determ ination o f r e t in o l  and aipha- 
tocopherol in  animal feed s . In p ractice  t h is  method did not g iv e  reproducible  
r e s u l t s ,  lo s s  o f vitam in occurred and recovery was low . V ariation  in  r e s u lt s  
could a lso  have occurred because natural l ig h t  could not be excluded from the  
lab oratory  or because the equipment could not be p rotected  s u f f ic ie n t ly .
Some samples were sent to  Miss M. Santos, Department o f B iochem istry, 
U n iv ersity  o f Surrey fo r  an a lysis  and the r e s u lt s  have been included in  the  
appropriate experiment.
The method used in  our laboratory fo r  determ ining vitam in A and 
vitam in E was as fo llo w s .
The ex traction  and a lk a lin e  sa p o n ifica tio n  was id e n t ic a l fo r  both  
vitam in estim ation s, the extract would normally be d iv ided  to  supply m aterial 
fo r  both measurements. Liver (approx. 5g) was co arse ly  homogenized in  a 
t is s u e  grinder w ith 15ml of water, and tran sferred  to  a f la s k .  To t h is  was 
added an equal volume o f 20% hydroquinone in  ethanol and heated at 60°C on a 
steam bath . A fter co o lin g , 60ml ethanol and 200ml petroleum ether (b o ilin g  
range 40-60°) were added and nitrogen  gas bubbled through fo r  1 m inute. The 
fr a c tio n s  were blended for  2 to  3 mins and separated in  a 500ml sep arating  
fu n n el. The aqueous (lower) layer  was re -ex tra c ted  tw ice more w ith  the  
petroleum e th er .. The combined petroleum ether fr a c t io n s  were then evaporated. 
To the f a t  remaining 5ml ethanol, 1ml 60% K0H and approxim ately 50mg sodium 
ascorbate were added, and refluxed  fo r  3 to  5 m ins. D is t i l l e d  water (20ml)
was added and the mixture was poured in to  a 250ml separating  funnel and 
extracted  three tim es w ith  20ml volumes o f d ie th y l e th er . The ether la y e r s  
were c o lle c te d  and washed three tim es w ith d i s t i l l e d  w ater. One quarter 
of the eth er la y er  was used for  the vitam in A determ ination and the  
remainder fo r  the vitam in E determ ination.
To measure the h ep atic  vitam in A the ether la y er  sample was 
evaporated and the residue taken up in  n-hexane (approx 2m ls). This was 
then passed down a 1 .5  x 4cm column of weak alumina (A^O^ in  an 8% w/v  
so lu tio n  of ethanol in  n-hexane). The sample was e lu ted  f i r s t l y  w ith  2% 
acetone in  n-hexane, 30mls of.w hich was c o lle c ted ; and secondly w ith  8% 
ethanol in  n-hexane 30mls was again c o lle c te d . The f i r s t  so lv en ts  e lu te  
the vitam in A e s te r  and carotene fr a c tio n , the second e lu te s  the r e t in o l  
and xanthoph ylls. Both c o lle c t io n s  were evaporated. The carotene fr a c tio n  
was taken up in  5mls n-hexane, and the vitam in A fr a c t io n  in  5ml chloroform . 
Using a C ecil CE303 spectrophotometer the carotene fr a c tio n  was read at 
451*im• Part of the vitam in A fra c tio n  was read at 463nm, a 0.5ml
a liq u ot was added 1 drop a c e t ic  anhydride and then 2ml antimony tr ic h lo r id e  
so lu tio n  (22% w/ v  antimony tr ic h lo r id e  in  chloroform ), and read a t 6l 8nm 
w ith in  3 seconds. l / 50th o f the xanthophyll reading at 463nm was subtracted  
from the antimony tr ic h lo r id e  reaction  from which the concen tration  o f  
vitam in A may be ca lcu la ted .
For estim ation  o f vitam in E in  l iv e r  the remaining sample was run 
through a f l o r i s i l  column and e lu ted  w ith 10% w/v  ether in  n-hexane. A fter  
c o lle c t io n  the so lv en ts  were evaporated o f f  com pletely. The sample 
remaining was taken up in  1ml to lu en e. A ipha-tocopherol was then separated  
by TLC u sin g  a s i l i c a  g e l G th in -la y er  chromatographic p la t e .  A 50p .l 
sample in  toluene as a sm all spot on the p la te  together w ith  a spot o f pure 
aipha-tocopherol was run in  chloroform for  40 minutes in  the dark. The 
p la te  was then a ir  d ried . The tocopherol spots were marked under UV l i g h t ,
-and sucked o f f  through a swan necked tube in to  a number 4 s in tered  tube 
( l  x 9cm). The tocopherol spots were then e lu ted  w ith  3 volumes o f 1ml 
of ethanol, under nitrogen gas. The ethanol was evaporated o f f  and the 
aipha-tocopherol measured u sin g  the Emmeri-Engel r ea c tio n . A fter  
evaporation, the tocopherol was taken up in  3 *5ml ethanol and 0 »5ml 
bathophenanthroline (in stea d  ofot-o*—b ip y rid y l) added. A fter m ixing, 0*5ml 
f e r r ic  ch loride so lu tio n  (*27%w/ v  in  ethanol) was added, ex a ctly  15 seconds 
la t e r  0 *5ml phosphoric acid  so lu tio n  (0 *39% in  ethanol) was added, and the 
colour read at 534nm. From th is  the amount of aipha-tocopherol was 
ca lcu la ted .
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Fig* 5 V isual C l i f f
T a b l e  3* C o m p o s i t io n  o f  e x p e r i m e n t a l  d i e t s  ( g / k g )
Experiments
Ingred ients ----- - ------------------ - --------------------------------
.Al, E l, E2, 11 12, 01, 02
Casein (v ita m in -free , 200 200
f a t - fr e e )
Fibre (S o lk afloc) 80 100
Maize starch 300 280
Mineral mixture 50 50
0i l + 60 6°
Sucrose 290 290
Vitamin KDEK m ixture,
in  g lucose+ 10 10
Vitamin B m ixture, in
glucose 10 10
+ dependant on experiment*
Table 4* Mineral Mixture
Based on Rogers, e t  a! (1974)
Calcium hydrogen orthophosphate (CaHPO )^ 21#33fi/kg d ie t
Magnesium carbonate (MgCO^ ) 2 .45
tr i-P otassiu m  c itr a te  (K^CgH^O .^I^O) 14.21
di-Potassium  hydrogen orthophosphate (K2HPO4) 4 .64
Sodium ch lorid e  (NaCl) 6.30
Aluminium potassium sulphate (AI2 (SO^^.^SO/j.) 5 *3mg/kg d ie t
Cobalt ch loride (CoCl2 «6H20) 5 .3
Cnpric sulphate (Cu.SO4. 5H2O) 32 .4
F erric  c it r a te  (CgH^OyFe^E^O) 959.8
Manganous sulphate (MhS04#4H20) 32 .4
Potassium iodide (Kl) 2 .7
Sodium flu o r id e  (NaF) 0 .5
Sodium molybdate (Na2Mo04*2H20) 1 .8
Sodium s e le n ite  (Na2SeO^) 1 .8
Zinc carbonate (ZnCO )^ 21 .4
T a b le  5 *  V i t a m in  B M i x t u r e  ( m g /k g  d i e t )
Experiment
Vitamin
A l, E l, E2, I I  12, 01, 02
Thiamin hydrochloride 10.0 1 0 .0
R ib oflav in 2 .0 10 .0
N ic o t in ic  acid 50.0 50.0
Calcium pantothenate 20.0 10.0
Ryridoxine hydrochloride 10.0 10.0
Vitamin B12 0 .6 0 .6
Choline Chloride 15.0 50.0
F o lic  Acid 2 .0 20.0
B io tin 0 .4 0 .4
I n o s ito l 50.0 50 .0
T a b le  6* F a t - s o l u b l e  V i t a m i n  M i x t u r e  ( p e r  k g  d i e t )
R etin o l
(Rovimix A^ OO)
10000 iu
C h o leca lc ifero l 
(Rovimix D400)
2000 iu
Alpha—tocopherol 
(Rovimix E25)
100 mg
Vitamin K
(Menaphthone sodium b isu lp h ate)
20 mg
T a b l e  7* C o m p o s i t io n  o f  HEP d i e t  ( L a b s u r e  A n im a l F o o d s )
In gred ien ts g /k g  d ie t
Barley 51*25
Maize 100
Oats 181.25
Wheat 200
Wheatfeed 200
Soya ex tra c ts  100
R oller  dried  skimmed milk 75
TJnextracted dried y east 25
White f is h  meal 50
S a lt 7*5
Labvit A 5
Labmin K 5
CHAPTER 5 
EXPERIMENTAL
5*1 E f fe c t s  o f  feed in g  a v itam in A d e f ic ie n t  d ie t  to  DSN 
ham sters (Exp. A l)
This prelim inary experiment was designed to  e s ta b lish  whether the 
experim ental d ie t  described would produce d e fic ie n c y  symptoms, and so 
reproduce the early  q u a lita tiv e  observations o f H irsch i (1950) S a lley  
& Bryson (1957)*
In add ition  to  the measurement o f growth, reproductive performance, 
l iv e r  v itam in A, and m icroscopic examination o f e p ith e l ia l  and other  
t i s s u e s ,  the p o s s ib i l i t y  o f u sin g  depth perception  in  dim l ig h t  as an 
in d ica to r  o f r e t in a l damage was investigated*
materials and methods
Twelve male and tw elve female Syrian ham sters (s tr a in  DSN) were 
se le c te d  from 15 animals o f each sex according to  body w eigh t. Aged 20 days 
on a r r iv a l , se le c te d  males and fem ales were paired  a t 24 days and randomly 
assigned  to  the t e s t  (vitam in A d e f ic ie n t)  or con tro l d ie t s .  E ight p a ir s  
were fed  the vitam in A d e f ic ie n t  d ie t  and four p a irs  the con tro l d ie t .  
Hamsters were caged in  NKP RB3 cages w ith  sawdust and shredded paper as 
bedding; the husbandry and environment are described  in  1 General M ateria ls  
and Methods’ .
The d ie t  used i s  given in  Tables J t o  6 9 except arach is o i l  was used  
as the fa t  source sin ce  th is  contains only trace  amounts o f  v itam in  A and 
in  the con tro l d ie t  (D iet C/a) a mixture o f f a t s  was used; th ese  were 
arach is o i l  (30g/kg) and la rd , (30g/k g). The vitam in A d e f ic ie n t  d ie t  
(D iet A) had no Rovimix A500 added.
Observations
The fo llo w in g  observations were made, d e t a i l s  o f methodology are 
given  in  ’General M aterials and Methods’ .
Body weight : weekly
Food consumption s weekly
Breeding : continuously
Depth perception  : at 12 weeks (w hite l ig h t )
at 15 weeks (red l ig h t )
Autopsy s at 24 weeks
At autopsy hamsters were k i l le d  and the fo llo w in g  whole organs
r
f ix e d  and processed fo r  m icroscopic examination eye, sa liv a ry  gland, 
trachea, lung, and l e f t  t e s t i s .  A s l ic e  o f l iv e r  was a lso  taken and the 
r e s t  frozen in  dry C0£ fo r  la t e r  determ ination o f vitam in A con ten t.
U teri were examined fo r  fo e tu se s .
S t a t is t ic a l  analyses
Body w eight, food consumption and food u t i l i z a t io n  were analysed  
each week by computer u s in g  a one-way an a ly sis  o f variance to  is o la t e  the  
variances a ttr ib u ta b le  to  d ie t  and error .
Breeding performance could not be analysed but mean r e s u l t s  are
g iven .
Depth perception was analysed (a) u sin g  the Chi-squared t e s t  fo r  
descents and (b) u sin g  a one-way a n a ly s is  o f variance on the lo g  o f la te n c y , 
sin ce  i t  i s  not normally d is tr ib u te d .
Individual r e s u lt s  are g iven  in  Appendix A.
Body, w eight
The d ie t  did not a f f e c t  the growth o f the males (Table 8 ) .  Females 
(Table 9) fed  the vitam in A d e f ic ie n t  d ie t  were s ig n if ic a n t ly  (P<D.05) 
l ig h te r  at 56 , 63, 133 and 140 days. On each occasion  however, the mean
RESULTS
body w eights o f fem ales fed  the vitam in A d e f ic ie n t  d ie t  were l e s s  than 
those fed  the control d iet*
Food consumption
The vitam in A d e f ic ie n t  and control d ie t s  were consumed in  sim ilar  
amounts (Table 10) and food u t i l iz a t io n  o f the two d ie t s  was a lso  
s im ilar  (Table 1 1 ).
Breeding
Breeding performance (Table 12) may have been a ffec te d  but the small 
number,of animals used makes in terp re ta tio n  o f the r e s u lt s  d i f f i c u l t .
Females fed  the vitam in A d e fic ie n t  d ie t  produced fewer l i t t e r s  over 24 weeks 
than did con tro l fem ales but the former had a la rg er  mean l i t t e r  s iz e  
although the pups appeared to  be l e s s  v ia b le . However a l l  pups fed  e ith e r  
d ie t  died b efore weaning suggesting a b a sic  inadequacy in  the d ie ts  u sed .
Depth perception
In v e stig a tio n s  in to  the p o ss ib le  use o f  depth perception  as a method 
fo r  d e te c tin g  r e t in a l  damage were in co n c lu siv e  because o f a large  v a r ia tio n  
observed in  the measurement w ith the small number o f ham sters te s te d  
(Table 13)* Although not s t a t i s t i c a l ly  s ig n if ic a n t , the time taken before  
descent (th e  la ten cy ) o f hamsters fed  the vitam in A d e f ic ie n t  d ie t  was 
c o n s is te n t ly  longer than that o f con tro ls when u sin g  red -  or dim -  l i g h t .  
W hilst under w hite l ig h t  the ranges o f la te n c y  overlapped. There was a lso  
no d ifferen ce  in  the number o f correct d escen ts . Under the con d ition s o f  
the t e s t  i t  i s  expected that each sid e has an. equal chance o f being s e le c te d .  
Therefore by chance about 50% of the hamsters w i l l  s e le c t  the deep s id e ,  
i f  however preference fo r  the deep sid e  i s  more frequent i t  means th a t the  
group of hamsters are u n lik e ly  to be ab le to  d if fe r e n t ia te  between the two 
depths.
L iver vitam in A
Vitamin A d e f ic ie n t  hamsters had markedly depleted  v itam in  A 
reserves in  the l iv e r  (T ab le .14)*
Post Mortem observations
Three fem ales (Nos. 2 , 3* 5) two males (Nos. 2 , 5 ) fed- the  
vitam in A d e f ic ie n t  d ie t  and two fem ales fed  the control d ie t  (Nos. 1 , 4) 
died before the end o f the experiment (Tables 15 & 1 6 ). Two were k i l l e d  
a fter  escaping from th e ir  cages and found to  have eaten non-experim ental 
d ie t .  F igh tin g  and s tr e s s  o f pregnancy resu lted  in  a number o f d eaths, 
m icroscopic examination o f t is s u e s  was not p o ss ib le  because the ca rca sses  
were autolysed .
M icroscop ically  (Tables 17 & 18) some degeneration o f t e s t e s  was seen  
in  2 hamsters (Nos. 8 & 9)* There was a dep letion  o f germinal c e l l s  and a 
general lo s s  o f stru ctu re. A photomicrograph (F ig . 6) o f a s e c t io n  through 
the t e s t i s  of a control hamster shows the sem iniferous tu b u les and 
in t e r s t i t i a l  c e l l s .  W ithin the sem iniferous tubule there i s  the m oderately  
regular structure o f germinal c e l l s  and the d if fe r e n t c e l l  typ es seen in  
the development o f  spermatozoa.
In the m oderately degenerated t e s t i s  shown in  Fig* 7» some o f the  
tubules appear to  have lo s t  many o f th e ir  spermatogonia, most o f th e ir  
spermatocytes and th e ir  regular stru ctu re . The tubular lum ina a lso  appear 
to  contain a v a r iab le  quantity o f d eb ris.
No other e f f e c t s  of vitam in A d e fic ien cy  were seen . However a l l  
hamsters showed v a c u o lisa tio n  of the l iv e r ,  p a r tic u la r ly  in  the cen tro lob u lar  
area. Although many l iv e r  c e l l s  appeared h ea lth y , w ith  abundant glycogen  
in  the cytoplasm g iv in g  a granular appearance, other c e l l s  con ta in  la rg e  
drop lets of f a t s  (F ig . 8 , top r ig h t ) .  These appear as c lea r  v a c u o le s , the 
fa t  d isso lv in g  during processin g .
DISCUSSION
In 1957, S a lley  & Bryson produced the fo llo w in g  overt symptoms of 
vitam in A d e fic ien cy  in  an inbred a lb ino s tr a in  o f Syrian hamster: 
decreased growth, degeneration of the sa liv a ry  glands and gonads, changes 
in  odontogenic t is s u e s ,  and m etaplasia of the resp ira to ry  ep ithelium .
Using an outbred stra in  o f hamster (DSN) the only e f f e c t  seen in  t h is  study 
was on te s t ic u la r  germinal epithelium . This degeneration i s  comparable in  
typ e, but not in  time o f onset and degree o f s e v e r ity , to  th a t p rev iou sly  
described by Wolbach & Howe (1925) fo r  the vitam in A d e f ic ie n t  r a t .
Marked d ep letion  of vitam in A l iv e r  reserv es  was observed in  some of 
the hamsters fed  the vitam in A d e f ic ie n t  d ie t ,  in d ic a tin g  early  d e fic ie n c y . 
These reserves were f iv e  tim es those quoted by S a lley  & Bryson (19579 1959) 
and the control va lu es were a lso  s l ig h t ly  g rea ter . The l iv e r  reserv es  of 
con tro l hamsters varied  from 152 to  779 in  vitam in A /g. .
The delay in  onset of d e fic ien cy  symptoms, the d iffe re n c e s  in  v itam in  
A d e f ic ie n t  hamsters l iv e r  reserves of vitam in A and the v a r ia tio n  in  
control v itam in A reserves can probably be accounted fo r  by the p re-  
experim ental d ie t .  The d ie t  fed  by commercial hamster breeders (see  Chapter 
1*3) i s  such th at vitam in A intake and storage in  the l iv e r  may be very  
large  and th is  could be the reason fo r  the increased  time required to  d ep lete  
hamsters on th is  experiment.
In th is  experiment the e f fe c t  on body w eight i s  sim ilar  to  th at seen  
in  mice (McCarthy & Cerecedo, 1952). No c lea r  d e fic ie n c y  syndrome could be 
produced in  the mi-ce; body weight was only s l ig h t ly  reduced as w ith  the 
female ham sters. S a lley  & Bryson (1957> 1959) produced a 37% decrease in  
mean body w eigh t, which was f i r s t  observed as a fa i lu r e  to  in crease  w eight 
a fte r  6 to  8 weeks. This was more pronounced than th a t seen in  th is  
experiment but co rre la tes  w ith the d iffe re n c e s  in  l iv e r  v itam in A reserves.
There was no apparent e f f e c t  on dim l ig h t  v is io n , although an 
increased  la ten cy  before descent was observed in  male hamsters fed  the  
vitam in A d e f ic ie n t  d iet*  Further work i s  required to  eva luate  t h is  t e s t  
as an in d ica to r  o f the degree o f  vitam in A defic iency*
Although pups were bom  to  fem ales fed  e ith e r  vitam in A d e f ic ie n t  or 
control d ie t s ,  no pups were weaned. This was expected fo r  the d e f ic ie n t  
group (Mason, 1935) but not fo r  the co n tro ls . The fem ales o f both groups 
seemed to  be unable to  produce s u f f ic ie n t  milk to  support th e ir  pups to  
weaning. The reason fo r  th is  i s  not known, and fu rther work i s  needed to  
elu c id a te  the problem. These observations must however, in v a lid a te  the  
r e s u lt s  fo r  breeding performance obtained in  t h i s  experim ent.
Fatty  in f i l t r a t io n  o f the centrolobular area o f the l i v e r  was observed. 
In r a ts ,  ch o lin e  d e fic ien cy  i s  known to  cause cen tro lob u lar d ep o sitio n  of 
fa t  ( Engel 1942a; 1942b; Murford & G r if f i th , 1942), but r a ts  appear to  
have a high requirement fo r  choline (0*5 to lg /k g  d ie t;  NAS, 1972).
Hamilton & Hogan (1944) could show no q u a lita t iv e  requirement fo r  ch o lin e  
by the hamster but Granados & Dam (1950) reported th a t ch o lin e  i s  required  
fo r  rapid growth. In t h is  experiment 15mg ch olin e  ch lo r id e /k g  d ie t  was 
fed  and th is  appears to  be in s u f f ic ie n t  to  p ro tec t aga in st f a t t y  in f i l t r a t io n  
of the l i v e r .
F ig . 6 T e s t i c l e ,  c o n t ro l  DSN h am ste r .
S em in ife rous  tu h u le s  and i n t e r s t i t i a l  c e l l s .  H & E s t a i n
F ig .  7 T e s t i c l e ,  v i t a m in  A d e f i c i e n t  DSN h am ste r
S em in ife rous  tu b u le s  and i n t e r s t i t i a l  c e l l s .  H & E s t a i n .
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8 L iv e r ,  DSN ham ste r .
C e n t ro lo b u la r  v a c u o l i s a t i o n  top  r i g h t ,  i n d i c a t i v e  o f  f a t t y  
i n f i l t r a t i o n .  H & E s t a i n .
Table 8 E ffe c ts  o f feed in g  a vitam in A d e f ic ie n t  d ie t  to  DSN hamsters 
on male body w eights (g ) .  mean * S3)
D ie t C/a Control
D iet A Vitamin A d e f ic ie n t
Day D iet C/a N = 4
D iet A 
N = 8
0 32. 9*  2 .3 33-7* 2 .0
7 46.5* 3 .9 47. 4* 3 .6
14 65.7*  5 .4 66. 4* 2 .8
21 8 2 .2± 6 .7 82 .6*  3*4
28 90. 8±10.1 90.5* 4*7
35 95.7* 9-0 97.5* 6 .2
42 99.1*10.4 99*5* 7 .2
49 104-6* 9*3 104.4* 6 .8
56 110. 1*10.8 109-4* 7 .9
63 114*8*12.0 112. 0* 7 .5
70 117*4-11.1 112. 2* 7*2
77 121. 4- 11.8 114*3- 7 .5
84 122.7*12.4 114. 6* 6 .6
91 1 2 0 .8 il3 .7 115. 1*  6 .8
98 118.1*12.1 112. 9*10.1
103 1 1 5 .9 il0 .4 116. 1* 7 .7
112 117.9^14.2 117.9* 7 .0
119 120.6*18.2 116. 6* 9*8
126 118 .7-14-7 120. 6* 8 .5
133 122.9*12.5 120.9* 7 .2
140 124.1*11.8 123. 0*10.6
147 128.4*14.1 124. 2* 9 .2
154 131. 6*15.5 113. 1*12 .8
161 131. 1*15.8 120.4*11.8
168 132. 5*13.9 121.4*10.9
No s t a t i s t i c a l  d i f f e r e n c e s
T a b l e  9 E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t  t o  DSN h a m s t e r s
on female body w eights (g ) , mean j: SD
D iet C/a Control
D ie t A Vitamin A d e f ic ie n t
Day
D iet C/a
N = 4
D ie t A 
N = 8
0 33-6* 2 .6 32 . 6* 2 .2
7 . 45*4± 4 .6 43-7* 3 .9
14 62.0±  7*2 60 . 5* 2 .3
21 77.O* 8 .8 75.4* 5 .1
28 88.4*10.0 83.I *  7 .8
35 96.6*13.2 92. 8* 9 .1
42 107.6*19.0 103.4*12.7
49 102.1*12.0 92.4*15.0
56 110. 9* 9 .2 91. 1* 9 .8  *
63 113.7*17.0 94 .9*  8.2 *
70 110.4*17.0 98.2* 6 .2
77 109.9*  9 .1 106.1*15.5
84 115.7*13.6 101. 2*15.5
91 122.7*16.7 105-4*18.6
98 103. 8* 4*3 100. 0*11.5
105 115.5*15.8 97.5*11.8
112 108. 3* 7 .3 101.1*11.8
119 110.8*11.2 102.7*14.5
126 118.0*15*2 113.2*13.8
133 133.2*17.1 111.4*  6 .5  *
140 137*2* 3*6 110.9*14.1  *
* S ig n if ic a n t ly  d if fe r e n t  from -controls (P 0 .0 5 )
T a b le  1 0  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t  t o  DSN h a m s t e r s
on mean weekly food consumption (g) -per hamster
D ie t  C/a Control 
D iet A Vitamin A d e f ic ie n t
Day D iet C/a D iet A
7 58.2 50 .0
14 62.5 61.0
21 63.I 76.0
28 47.0 42 .3
35 47.6 42 .6
42 41.5 45 .2
49 45.5 42 .4
56 47.8 39 .4
63 46.6 47 .3
70 46.2 47.6
77 ■ 47.7 48 .7
84 49.0 44 .7
91 43-8 40 .1
98 51.1 41 .9
105 45.0 40.5
112 48.7 47-0
119 49.0 36 .9
126 44-0 47 .8
133 53-2 41*1
140 47.1 46 .8
147 58.7 50 .0
154 52 .4 41 .3
161 44.1 50 .0
N o s t a t i s t i c a l  d i f f e r e n c e s
Table 11 E ffe c ts  o f feed in g  a vitam in A d e f ic ie n t  d ie t  to  DSN hamsters
• f
on weekly food u t i l iz a t io n ,  mean -  S3)
D iet C/A Control
D iet A Vitamin A d e f ic ie n t
Day D iet C/a D ie t A
7 5.0±2.0 4 . 3- 1 .2
14 3 .5 i CM 3»3i> .4
21 3-7±0.3 4 -4 -1 .1
28 4 .9 -1 -2 5 .7 i l . 9
35 8 .2 l3 .6 5 •3 -1 .1
42 7 . 5I5 .6 6 .2± 1 .6
No s t a t i s t i c a l  d ifferen ce
T a b l e  1 2  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t  t o  DSN h a m s t e r s
D iet C/a Control
D iet A Vitamin A d e f ic ie n t
D iet C/a D iet A
No. of fem ales 3 6
Mean No. l i t t e r s  bom  
per female/2 4  weeks 3*3 2 .2
Mean No. days on t e s t  
before 1 s t  l i t t e r  bom  
(days) 44 44
Mean l i t t e r  s iz e  
( a l l  l i t t e r s )  Day 0 
Day 5 
Day 21
4*4 5 .9  
2 .4  2 .8
No pups achieved weaning age
V ia b il ity  index (%) 54.5 48.0
L actation  index (%) 0 0
£  Excluding fem ales Nos. 2 , 3* 4»
T a b le  1 3  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t  t o  DSN h a m s t e r s
on depth -perception o f male DSN hamsters in  w hite  and red l ig h t
D ie t C/a Control
D iet A Vitamin A d e f ic ie n t
t
Latency (secs)^ D iet C/a D ie t A
White l ig h t  (Mean) 117.5 51-3
(Range) 95-150 4-120
Red l ig h t  (Mean) 52 .8 109.7
(Range) 30 - 70 73-300
No. o f descents D ie t C/a D ie t A
White light.* Shallow 4 /4 5 /7
Deep 0 /4 2 /7
Chi2 = 0 .0 8
Red l ig h t .  Shallow 4 /4 4 /7
Deep 0 /4 2 /7
( l  No descent)
Chi2 = 0 .8 7
No s t a t i s t i c a l  d ifferen ces  
/  Excluding no descen ts.
T a b le  1 4  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t  t o  DSN h a m s t e r s
on l iv e r  vitam in A concentration
D iet C/a Control
D iet A Vitamin A d e f ic ie n t
D iet Sex ' No. Vitamin A ( iu /g )
C/a M 1 152
4 342
E 1 456
4 779
A M 3 114
6 76
8 15
E 6 57
8 19
Mean concentrations
D iet C/a 428 iu /g
D iet A 56 iu /g
T a b le  1 5  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t  t o  DSN h a m s t e r s ;
Autopsy : macroscopic observations, males
D iet C/a 
D iet A
Control
Vitamin A d e f ic ie n t
D iet No. Observation
C/a 1 NAD
4 NAD
7 Right t e s t i s  very small
10 NAD
A 3 NAD
6 P ale, m ottled  l iv e r
8 NAD
9 NAD
11 NAD
12 NAD
Post mortem fin d in gs on other males
A 2 Pound dead a t 2 weeks, due t o x
f ig h t in g  -  body p u tr e f ie d  !
5 Escaped a t 20 weeks, found e a tin g
PRD, k i l le d  -  NAD
NAD - No ab n orm alitities  detected
iiu iecrs
Autopsy:
01 xeeaing a 
macroscopic
* vixaiiiin uGXlcienx u.ig t  xo jjoin xi cuius 
observations, fem ales
D iet C/a 
D iet A
Control
Vitamin A d e f ic ie n t
D ie t No. Observation
C/a 7 NAD
10 Large sp leen
A 6 L iver p a le , 11 normal fo e tu se s
8 3 normal fo e tu se s , 1 la t e  reso rp tio n
9 5 normal fo e tu se s , 2 la t e  reso rp tio n s
11 NAD
12 Large sp leen
Post mortem fin d in g s on other fem ales
C/a 1 Found dead at 23 weeks,- l i t t e r  o f 5 
cannibalised  a fte r  6 days, p u tr e f ie d
4 Found dead a t 12 weeks, p u tr e f ie d , 5 
fo e tu ses  in  uterus
A 2 K ille d , a fter  f ig h t in g  and k i l l i n g  m ale,
NAD
Pound dead 1 day a fte r  l i t t e r i n g  (8 pups)9 
p u tr e f ie d
K ille d , a fter  escaping and e a tin g  FRD,NAD
NAD No abnorm alities detected
T a b le  1 7  E f f e c t s  o f  f e e d i n g  a  V i t a m in  A d e f i c i e n t  d i e t  t o  DSN h a m s t e r s
Autopsy: m icroscopic observations, m ales.
D iet C/a Control
D iet A Vitamin A d e f ic ie n t
D iet No. Eye Lung Trachea Salivary
glands
T estis L iver
C/a 1 E E E E E V
4 E E E E E Y-
7 E E E E . E Y
10 E E E E E Y
A 3 E E E E E Y
6 E E E E E Y
8 E E E E DD Y
9 E E E E D Y
11 E e ; E E E Y
12 E e E E E Y
Notes: E Tissue examined, normal
D Degeneration (D -s lig h t , DD -  moderate, DDD -  severe) 
V V acu olisation
see te x t  fo r  d e ta iled  d escr ip tio n s .
T a b l e  1 8  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t  t o  DSN h a m s t e r s ;
Autopsy: m icroscopic observations fem ales
D iet C/a Control
D iet A Vitamin A d e f ic ie n t
D iet No. Eye Lung Trachea S a livary
gland
Liver
C/a 7 E E E E V
10 E E E E V;
A 6 E E E E V
8 E E E E V
9 E E E E V
11 E E E E V
12 E E E E V
Notes: E Tissue examined, normal
V V acuolisation
see te x t  fo r  d e ta iled  d e scr ip tio n s .
3 * 2  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
CLAC h a m s t e r s  ( E x p .  E 1 )
Although no q u a n tita tiv e  requirement fo r  vitam in E has y e t  been 
e sta b lish ed , the q u a lita t iv e  need o f hamsters fo r  vitam in E has been 
described. In the absence o f vitam in E, t e s t ic u la r  degeneration (Mason & 
Mauer, 1957)» n u tr it io n a l muscular dystrophy (West & Mason, 1933? 1 9 5 8 )> 
h y p e r ir r ita b ility ? dystrophic p a ra ly s is  (Houchinj1942) and eventual c o lla p se  
and death have been shown.
The fo llo w in g  prelim inary experiment was designed to  e s ta b lis h  th a t  
the d e fic ien cy  symptoms p rev iou sly  described could be reproduced under our 
experim ental co n d itio n s. Since the observations in  th is  experiment were to  
form the b a s is  o f in v e s t ig a tio n  in to  the q u a n tita tiv e  requirem ent, i t  was 
decided to  use a d ie t  contain ing only moderate amounts o f FOEA* s as found in  
conventional d ie t s .
In add ition  to  the usual measures o f d ie ta ry  su ff ic ie n c y , growth and 
breeding performance, food consumption was a lso  measured, as was behaviour  
on the open f i e ld  t e s t .  This was in v estig a ted  in  an e f fo r t  to  fin d  an ea r ly  
non-invasive measure o f muscle weakness. At autopsy major organs were weighed  
and then examined m icro scop ica lly . A number o f  sk e le ta l m uscles were a lso  
examined to  e sta b lish  the most s e n s it iv e  in d ica to r  o f muscle damage.
MATERIALS AND METHODS
F ifte e n  male and f i f t e e n  female CLAC hamsters aged 21 days were 
p aired , and randomly assigned to  the t e s t  (vitam in E d e f ic ie n t ,  D iet E) 
or contro l d ie t s  (D iet C /e ). E ight p a irs  were fed  the d ie t  contain ing  no 
vitam in E and four p a irs  the control d ie t .
Hamsters were caged in  NKP RB3 cages w ith sawdust and shredded paper 
as bedding; husbandry and environment are described in  1 General M aterials  
and M ethods'.
The d ie t  used i s  given in  Tables 3 to  6 . Lard was used as the fa t  
source s in ce  th is  contains only trace amounts o f vitam in E. The vitam in E 
d e f ic ie n t  d ie t  had no Rovimix E25 added.
O bservations
The fo llo w in g  observations were made, d e ta i l s  o f methodology are g iven  
in  'General M aterials and Methods'.
Body weight
Food consumption
Breeding
Open f i e ld  t e s t
Autopsy
weekly
weekly to  12 weeks 
continuously
Day 57, 71, 84 , 98 and 112 
at 24 weeks
At autopsy hamsters were k i l l e d  and the fo llo w in g  organs w eighed:-  
Heart, lu n g s, sp leen , adrenal, kidney, ovary, l i v e r ,  t e s t e s ,  t e s t e s  f a t  pad, 
eye and b ra in . Of th ese  the l iv e r ,  heart and t e s t i s ,  togeth er  w ith  tongue, 
muscle (b icep s  fem oris) and diaphragm were f ix e d  and processed  fo r  m icroscopic  
exam ination.
S t a t i s t i c a l  an a lysis
Body w eight, food consumption and organ w eights were analysed by 
computer u sin g  a one-way a n a ly s is  o f varian ce.
Breeding performance was not analysed, but mean r e s u lt s  are g iv en . 
Performance on the open f i e ld  t e s t  was analysed by computer u sin g  
a two-way a n a ly s is  o f variance i s o la t in g  the variances a ttr ib u ta b le  to  
d ie t  and occasion , and to  the in ter a c tio n  o f d ie t  and occasion , and to  
error.
RESULTS
Individual r e s u lt s  are given in  Appendix A.
Body w eight
Male hamsters fed  the vitam in E d e f ic ie n t  d ie t  weighed s ig n if ic a n t ly  
(K 0 .0 5 )  l e s s  than the co n tro ls  a fte r  7 days (Table 19)* The d iffe re n c e  
was evident throughout the experiment but s ig n if ic a n t  only a t Days 21 & 28 
and a fter  Day 91 • So many female hamsters died th at s t a t i s t i c a l  comparison 
o f body w eight (Table 20) was only p o ss ib le  up to  Day 42; fem ales fed  d ie t  E 
weighed s ig n if ic a n t ly  l e s s  than those fed  d ie t  C a fte r  35 42 days, but
again the d ifferen ce  was evident from Day 7 *
Food consumption
No d ifferen ce  in  food consumption between animals fed  the v itam in  
E -d e fic ie n t and con tro l d ie ts  was observed (Tables 21 & 2 2 ) .
Breeding
Only 4 fem ales in  each group were a liv e  a t Day 49, t h is  was the mean 
number o f days on t e s t  b efore the f i r s t  l i t t e r  was bom .
No pups were bom  to  female hamsters fed  the vitam in E d e f ic ie n t  d ie t  
(Table 2 3 ), however changes in  body w eight (Table 8 5 ) su ggests  th a t the  
fem ales were pregnant. Females fed the control d ie t  had an average o f 3 l i t t e r s  
each over 24 weeks. The mean l i t t e r  s iz e  a t b ir th  was 4 , "but only  1 pup out 
o f 46 pups bom  was weaned. As in  Exp. A1 t h is  r e f le c t s  a b a s ic  d ie ta r y  
in s u f f ic ie n c y .
Open f i e ld  t e s t
There was no s ig n if ic a n t  e f f e c t  o f d ie t  on mean op en fie ld  la ten cy  
of male hamsters (Table 24) ,  although hamsters fed  the vitam in E d e f ic ie n t  
d ie t  gen era lly  showed an increased  latency* Age or fa m ilia r ity  w ith  the 
t e s t  did have an e f f e c t  as demonstrated by the s ig n if ic a n t  value fo r  
occasion .
S im ila r ly  the mean open f i e l d  a c t iv ity  o f males (Table 25) showed a 
s ig n if ic a n t  d ifferen ce  between occasion s. This appears to  be a r e a l e f f e c t  
since i f  a c t iv i ty  i s  corrected fo r  la ten cy  the decrease in  a c t iv i t y  from 
approx. 70 to  30 squares crossed remained (Table 2 6 ). There was no 
d ifferen ce  in  a c t iv ity  between male hamsters fed  control or d e f ic ie n t  d ie t s .
Organ w eights
Terminal organ w eights o f hamsters surviving the experiment are given  
in  Tables 27 to  29*
The mean w eights o f t e s t e s  and t e s te s  f a t  of vitam in E d e f ic ie n t  
hamsters were s ig n if ic a n t ly  lower than those o f the c o n tr o ls . Kidney w eight 
was a lso  lower in  male hamsters fed  D iet E.
However body weight was s ig n if ic a n t ly  reduced in  hamsters fed  the  
d e fic ie n t  d ie t  and t e s te s  fa t  and kidney w eights were r e la te d  to  t h i s ,  only  
the d ifferen ce  in  r e la t iv e  t e s t e s  w eight remained s ig n if ic a n t .
Post Mortem observations
A ll female hamsters and two male hamsters fed  D iet E were found dead 
or had to  be k i l le d  before the end o f the experiment (Tables 30 & 3*0 •
Death occurred a fte r  42 to  67 days in  the fem ales and a f t e r  110 days 
(No. 3) ^ d  143 days (No. 5 ) i n 'the two m ales. No apparent reason fo r  death  
was observed; one female (No. 10) was found dead w ith one fo e tu s  about to  
be born, together w ith 2 other fo e tu se s  and 3 resorp tion s in  u te r o .
Two female hamsters fed  D iet E were found in  a sudden s ta te  of 
c o lla p se  (No* 6 a fte r  60 days, and No* 3 a f te r  126 days)* The fro n t le g s  
o f th ese  animals were unable to  support them and th e ir  r esp ir a tio n  was 
irreg u la r  and increased  (Table 3*0 *  ^he ham sters were k i l l e d  immediately 
a fte r  th e condition  was observed*
One female fed the control d ie t  d ied (No* 9) a^d 2 others were k i l l e d  
(Nos. 2 & 1 1 ) .
■M icroscopically (Tables 32 & 33 ), dystrophy of m uscle, diaphragm and 
tongue were seen together w ith te s t ic u la r  degeneration in  hamsters fed  the 
vitam in E d e fic ie n t d ie t .
In the muscles three c y to lo g ic a l events were occuring togeth er and 
in flu en c in g  the in terp re ta tio n . F ir s t ly ,  muscle f ib r e  n e c r o s is , w ith  
in vasion  by macrophages and p r o life r a tio n  o f muscle n u cle i w ith in  the d isc r e te  
form of the muscle fib re  segment. The sarcolemma appeared granular and 
broken (F ig s . 11, 12 and 13)* This i s  a continuous process (West & Mason, 
1958) ^ d  a scoring system of D -  s l ig h t ,  DD -  moderate, DDD -  severe  
degeneration depending on the average e f f e c t  has been used. Some irreg u la r  
d is tr ib u tio n  of n u c le i, lo s s  of s tr ia t io n s  and gran u larity  were seen as 
' s l ig h t  degeneration* (F ig . 11 & 14)• These increased  p ro g ress iv e ly  u n t i l  
the f ib r e  had d is in teg ra ted .
Secondly, d is lo c a tio n  and "rowing" (West & Mason, 1955) o f muscle 
n u cle i can occur. Some fib re s  showed a ltera tio n s-w h ich  were ch aracter ised  by 
a random d isp o s it io n  of variab le  numbers o f n u c le i throughout the a ffe c te d  
segment. I t  was not 'possible to  e s ta b lish  whether th ese  represented  
d isp laced  sarcolemmic n u clei or n u cle i derived from the la t t e r  by am ito tic  
p r o life r a t io n , or both (F ig . 11 & 1 2 ).
These d iso r ien ta ted  n u cle i appear to  become aligned in  groups o f  
c h a in -lik e  rows of variab le  len gth , due presumably to  mechanical fo r c es
exerted by the lo n g itu d in a lly -o r ie n ta ted  m yofibrils*
F in a lly , th ere was regeneration  o f new f ib r e s  from remnants o f  
d is in teg r a tin g  fib res*  Some o f the rows could have been formed by am ito tic  
p r o life r a tio n  o f rem aining sarcolemma nu clei*  These rows are o ften  seen  
c lo se  to  f ib r e s  where d is so lu t io n  o f the cen tra l zone i s  near com pletion  
(Fig* 1 5 ) .
Again because th is  i s  a p rogressive e f f e c t  the rowing has been scored*
R -  s l ig h t ,  RR -  moderate, RRR -  severe, depending on the o v era ll frequency  
of the e ffe c t*  Muscular dystrophy was seen m icroscop ica lly  in  a l l  ham sters 
fed  the vitam in E d e f ic ie n t  d ie t  which were autopsied* The diaphragm 
appeared le a s t  a ffe c te d , but d i f f i c u l t i e s  in  preparing good se c t io n s  fo r  
examination could have been the reason* The other m uscles were a ffe c te d  to  
varying degrees but the b icep s fem oris seemed the most s e n s it iv e .
Cardiac muscle appeared not to  be a ffec te d .
T esticu la r  atrophy was seen in  a l l  males examined and scored . Early  
in d ica tio n s  o f degeneration were characterised  by a p rogressive  red u ction  in  
the s iz e  o f the sem iniferous tubules and the h e igh t o f the germ inal ep ithelium  
The reduction in  the s iz e  o f sem iniferous tubules and a th in  and irreg u la r  
germinal epithelium  was ty p ica l o f moderate degeneration (F ig . 9 ) .  Severe 
degeneration was p ro g ress iv e ly  greater presenting  a p ictu re  o f  suppression  
and d is to r t io n  o f growth, p r o life r a tio n  and m aturation o f germ c e l l s  (F ig . 10)
Centrolobular v a c u o lisa tio n  o f  l iv e r ,  as seen in  Experiment. A1 
was again  observed in  a l l  ham sters.
D ISC U SSIO N
Hi th is  experiment the symptoms ty p ic a l o f vitam in E d e fic ie n c y  
have been produced. The hamsters fed  the vitam in E d e f ic ie n t  d ie t  
continued growing u n t il  a few weeks b efore death or u n t i l  i t  was decided  
to  k i l l  them. This i s  sim ilar  to  r e s u lt s  reported fo r  r a ts  (W itting &
H orw itt, 1964) and im plied in  West & Mason's (1955) work on ham sters.
However i t  i s  apparent th at vitam in E i s  e s s e n t ia l  fo r  normal growth in  
hamsters since those animals on the d e f ic ie n t  d ie t  did not th r iv e , and 
body w eights were s ig n if ic a n t ly  reduced.
■ The very high female m orta lity  seemed to  be associated 'W ith  the 
s tr e s s  o f pregnancy, the deaths occurred at about the time the f i r s t  or 
second l i t t e r  was expected.
Reproductive performance was severely  a ffec ted  w ith  no l i t t e r s  being  
born to  female hamsters fed  the d e f ic ie n t  d ie t .  This was f i r s t  reported  
in  r a ts  by Evans & Bishop (1922) and in  hamsters by Magelhaes (1957) •
Changes in  female body w eight and the observation of resorbed fo e tu se s  
su ggests that the e f fe c t  in  the hamster i s  sim ilar  to  th at in  the r a t  where 
im plantation and early  development are apparently normal u n t i l  the fo e tu s  
reg r e sse s .
T esticu la r  fu nction  was presumably impaired but not s u f f ic ie n t  to  
com pletely stop production o f spermatogonia. The " e ffec ts  on the germinal 
epithelium  are as prev iou sly  described fo r  the r a t  (Mason, 1926; 1953) ^ d  
fo r  the hamster (Mason & Mauer, 1957, 1975)* The w eight o f the t e s t i s  
correla ted  c lo se ly  w ith  the degree o f degeneration and t h is  w i l l  be used  in  
la te r  experiments as an in d icator of the q u a n tita tiv e  requirement fo r  v itam in  E.
The only other e f fe c t  on organ w eights was th a t on t e s t e s  fa t  w eight 
which was reduced on the d e f ic ie n t  d ie t .  This could have accounted fo r  the
e f f e c t  on body weight i f  the t e s t i s  fa t  i s  considered as an in d ica to r  of 
to t a l  body f a t  as suggested by Webb & Rogers (1979) • In mice prolonged  
vitam in E d e fic ie n c y  (about 9 months) resu lted  in  l i t t l e  or no body fa t  
even though adipose t is s u e  developed normally in  early  l i f e  (Menschik,
1944; Menschik, e t  a l , 1949)*
Two fem ale CLAC ham sters fed  the d e f ic ie n t  d ie t  developed a fore-lim b  
dystrophic p a r a ly s is  sim ilar  to  that described by Houchin (1942). In  
add ition  v a r ia b le  amounts o f  muscle degeneration were observed in  a l l  
vitam in E d e f ic ie n t  hamsters which survived to  the end o f the experim ent.
No e f f e c t  o f v itam in E d e fic ien cy  was seen on the open f i e l d  t e s t  designed  
to  d e tec t muscle weakness in  terms of reduced a c t iv i t y ;  although a c t iv ity  
was gen era lly  l e s s  in  d e f ic ie n t  hamsters i t  was below the le v e l  of 
s ig n if ic a n c e . There was a s ig n if ic a n t e f f e c t  o f occasion  which could be due 
to  the age o f the hamster or p o ssib ly  fa m ilia r ity  w ith  the t e s t .
No colour change in  adipose t is s u e  was observed in  t h is  study u n lik e  
the brownish d isco lo u ra tio n  o f the subcutaneous and in tra p er ito n ea l adipose 
t is su e  of r a ts  reported by Granados, e t  a l , (1947)* Depigmentation o f the 
upper in c is o r s  was seen in  some but not a l l  ham sters fed  the d ie t  d e f ic ie n t  
in  vitam in E.
Although the responses were var iab le  the r e s u lt s  showed th a t symptoms 
p rev iou sly  described  could be produced in  CLAC ham sters; and th a t th is  
system should be su ita b le  fo r  the evaluation  o f the q u a n tita tiv e  requirement 
fo r  vitam in E.
With regard to  the time of onset o f 'th e  e f f e c t s  o f  v itam in E 
d efic ien cy , c e ssa tio n  o f breeding and death were the f i r s t  overt s ig n s .
Muscle and te s t ic u la r  le s io n s  were a l l  present at the term ination o f  
the experiment a fter  6 months but the time o f th e ir  onset i s  not known 
Muscular dystrophy appeared not to  be so severe as to  a f f e c t  a c t iv i ty  
under th ese  t e s t  con d ition s but a sudden p a r a ly s is  was observed.
As in  Experiment A1 very  few pups from fem ales fed  the con tro l 
d ie t  survived the experiment and fa t ty  in f i l t r a t io n  o f .the l i v e r  was 
observed. No explanation fo r  th is  observation can be given a t present
F ig .  9 T e s t i c l e ,  v i t a m in  E d e f i c i e n t  CLAC h a m s te r .
S em in ife ro u s  tu b u le s  and i n t e r s t i t i a l  c e l l s  showing m odera te  
d e g e n e ra t io n  (DD). Note th e  th in n in g  o f  germ ina l e p i th e l iu m  
and i r r e g u l a r  appearance o f  some t u b u l e s .  H & E s ta in *
F i g .  10 T e s t i c l e ,  v i t a m in  E d e f i c i e n t  CLAC h a m s te r .
S em in ife ro u s  tu b u le s  and i n t e r s t i t i a l  c e l l s  showing sev e re  
d e g e n e ra t io n  (DLL). H & E s t a i n .
Muscle ("biceps f e r a o r i s ) ,  v i ta m in  E d e f i c i e n t  CLAC h a m s te r .  
S c a t t e r e d  f i b r e s  showing s l i g h t  d e g e n e ra t io n  (D) and ro w in g  ( r ) • 
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Muscle ("biceps f e m o r i s ) ,  v i ta m in  E d e f i c i e n t  CLAC h a m s te r .  
S c a t t e r e d  f i b r e s  showing s l i g h t  d e g e n e ra t io n  (D) and m o d e ra te  
row ing (RR)• H & E s t a i n .
F ig . 13 Muscle (b ic e p s  f e m o r i s ) ,  v i ta m in  E d e f i c i e n t  CLAC ham ste r  
M oderate d e g e n e ra t io n  (DL). H & E s t a i n .
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F ig .  14 Tongue, v i ta m in  E d e f i c i e n t  CLAC h a m ste r .
Note th e  c e l l u l a r  p r o l i f e r a t i o n ,  s l i g h t  d e g e n e ra t io n  (D ) . 
H 6c E s t a i n .
F ig .  15 Muscle ( b ic e p s  fe m o r is )  h igh  power, v i ta m in  E d e f i c i e n t  CLAC h am ste r .  
Note th e  l o s s  o f  the  f i b r e ,  th e  granular* appearance  o f  th e  
sarcolemma and th e  sw ollen  sarcolemmal n u c l e i  a t  th e  edge , and th e .  
row ing o f  n u c l e i  d e r iv e d  from a m i to t i c  p r o l i f e r a t i o n .  H & E s t a i n .
• * XT ' * ■ wk M L -‘:
-k -•
F ig .  16 L iv e r ,  CLAC h am ste r .  C e n t ro lo b u la r  v a c u o l i s a t i o n .  H & E s t a i n .
T a b le  1 9  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o  CLAC h a m s t e r s
on male body w eights (g ) ,  mean ± 1SD 
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Day D iet C/e D ie t E
0 51*1- 6.59 3Q-7+ 1,98
7 49.1± 2.73 4 4 . 4+ 4 .8 7  *
14 66 . 9+ 5-34 6 1 . 4± 6 .05
21 78 .3± 5 .90 66.5+11.07 *
r28 85•7- 3-90 77 .4± 8 .6 3  *
35 91 . 1± 9*15 8 4 *5+ 6 .2 3
42 95 .o iL l .3i 8 9 .7 i  5.95
49 98.0±12.07 93 . 9+ 7.74
56 lO l .l iL l .35 94*4 i  9.65
63 102.3±11.87 97-5 i 9.37
70 106.oiL2.71 97*4i 9.97
77 108.7iL3.72 98 . 7+ 9.77
84 110 . 1- 14*01 97*7- 9.18
91 112.6iL3.87 98 . 7± 8 .7 0  *
98 113 .7^14.03 9 9 .9 - 8 .9 8  *
105 115 . 6 i l 4 .26 100 .9 - 9.11 *
112 I l6 .9 il5 * 4 2 101 . 6i  9 .1 3  *
119 117 . 6i l 6 .09 102 . i i  8 .4 5  *
126 118 .4 il5 .71 103 . 3i  8 .5 6  *
133 119 .7 il5 .00 1 03 . 4+ 7.72 *
140 1 20 .0 il4 .47 103 . 7i  6 .9 5  *
147 1 2 0 .4 il4 .39 103 . 7± 8 .0 4  *
154 I 2 0 . 3i i 4 . l 6 103 . 5 i  9.16 *
161 1 21 .o il4 .53 l 0 4 . o i  8 .9 9  *
168 1 21 .0 il4 .72 103 . 5 + 9 .0 9  *
*  S i g n i f i c a n t l y  d i f f e r e n t  f r o m  c o n t r o l s  ( P < 0 . 0 5 )
T a b le  2 0  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o  CLAC h a m s t e r s
o n  f e m a l e  b o d y  w e i g h t s  ( g ) .  m ean  i  1SD
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Day D iet C/e D iet E
0 2 9*4-4*72 30. 6i  3.62
7 4^*0- 3*61 43*5- 4-38
14 64*3- 6.75 60. l t  6.42
21 75*1- 9*25 65. 6±11.70
28 84. 3ilO .26 75*7-10.07
35 96. 5!  8.83 8O.5i l l .88 *
42 98. 2^11.36 80. 3^ 8.73 *
* S ig n if ic a n t ly  d if fe r e n t from -controls (p < 0 .0 5 )
T a b l e  2 1  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  CLAC h a m s t e r s
o n  m ean  w e e k l y  f o o d  c o n s u m p t io n  ( g )  p e r  h a m s t e r
D iet C/e Control 
D iet E Vitamin E d e f ic ie n t
Day D iet C/e D iet E
7 41.1 35.0
14 53*1 49*3
21 5 2 .8 58.8
28 49.1 4 6 .6
35 42.2 37.0
42 35.8 33.2
49 58.1 34 .6
56 38.9 34.5
63 4 1 .8 46.3
70 43*8 39.6
77 45-2 37.8
84 45*5 35.1
No s t a t i s t ic a ld i f f e r e n c e s
T a b le  2 2  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  CLAC h a m s t e r s
on mean weekly food consumption (g) -per 100g hamster
D ie t C/e Control
D iet E Vitamin E d e f ic ie n t
Day D iet C/e D iet E
7 139 114
14 112 112
21 81 63
28 57 63
35 45 46
42 36 41
49 40 43
56 40 38
63 44 46
70 43 47
77 44 43
84 43 41
No s t a t i s t i c a l  d if fe r e n c e s .
T a b le  2 3  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  CLAC h a m s t e r s
on breeding performance
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
D iet C/e D ie t E
No* fem ales5^ 4 4
Mean No* l i t t e r s  b o m / 3 0
female/2 4  weeks
Mean No* days on t e s t  before
49
1 s t  l i t t e r  born
Mean l i t t e r  s iz e
( a l l  l i t t e r s )  Day 0 00• -
Day 5 1 .6 -
Day 21 0 .08 -
/  See Table 31, Autopsy:macroscopic observations; only 4 fem ales in  
each group were a liv e  at Day 49*
T a b le  2 4  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o  CLAC h a m s t e r s
o n  m ean  o p e n  f i e l d  l a t e n c y  ( s e c o n d s ) ,  m a l e s
D iet C/e Control
D ie t E Vitamin E d e f ic ie n t
Day D iet C/e D iet E
57 2 .3 4 .0
71 4.-9 7-3
84 12.6 21 .6
98 1 5 0 14-5
112 14.3' 9 .0
A nalysis o f variances
Source DF SS MS F P
D iet 1 723.05 732.05 1.81 NS
Occ. 4 16429.55 4107.38 10 .14 < 0 .0 1
In tera ctio n  4 1374.95 343-73 0.85 NS
Error 69 27941.25 404.94
Total 78 46477.80
Table 25 E ffec ts  o f feed in g  a vitam in E d e f ic ie n t  d ie t  to  CLAC hamsters 
on mean open f i e ld  a c t iv i t y  (number o f squares crossed in  
2 m in s .) . m ales.
D iet C/e Control
D ie t E Vitamin E d e f ic ie n t
Day- D iet C/e D iet E
57 65 65
71 59 40
84 38 26
98 29 25
112 29 34
A nalysis o f variance: 
Source DF ss MS F P
D iet 1 86 .11 8 6 .1 1 . 0.53 NS
Occ. 4 • 2118.80 529.70 3.23 < 0 .05
In tera ctio n 4 342.95 85-73 0 .5 2 NS
Error 69 11316.12 I 6 4 .OO
T otal 78 13863.98
Table 26 E ffe c ts  o f feed in g  a vitam in E d e f ic ie n t  d ie t  to  CLAC hamsters 
on mean open f i e ld  a c t iv ity  — corrected  fo r  la te n c y  (number of 
squares crossed  in  2 m ins). m ales.
D ie t C/e Control
D ie t E Vitamin E d e f ic ie n t
Day D iet C/e D ie t E
57 67 67
71 61 43
84 41 30
98 31 28
112 32 36
A nalysis o f  variance:
Source DP SS MS F
D iet 1 610.51 610.51 1 .53
Occ. 4 15486.32 3871-58 9.73
In tera ctio n  4 1211.92 302.98 0.76
Error 69 27458.62 397-95
Total 78 44767.38
NS
<0.01
NS
T a b le  2 7  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  CL AC h a m s t e r s
on mean male organ w eights (g ) ,  mean + SD
D iet C/e Control
D iet E Vitamin E d e fic ie n t
D iet C/e D iet E
Body weight 120.4+15.4 103.5*9*4 *
Body len gth  (cm) 17.21 0.5 I 6 . 7+O.7
Heart 0 . 49*0 .0 6 o;43io.o5
Lungs 0 . 70*0 .2 1 0 . 70±0 .2 4
Spleen 0 . 10*0.02 0 .09 i o .02
Adrenal 0 . 01±0 . 0~02 o .o i± o .o o 3
Kidney O.5Oi0.O9 0 . 41+0 .0 4  NQS
Liver 6.82±L.50 ■ 5*86*0.89
T estis l-.59i0.12 o .83i o . l 3 *
T estis  fa t 1.70±0.40 1.17*0.18 *
Eye 0 . n i b .  01 0.11*0.01
Brain i .o o io .03 0.96±0.04
NQS Not qu ite  s ig n if ic a n t
* S ig n if ic a n t ly  d if fe r e n t P <  0 .05
T a b le  2 8  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  CLAC h a m s t e r s
on mean male r e la t iv e  organ w eights (g/lO O g), mean * SD
D ie t C/e 
D iet E
Control
Vitamin E d e f ic ie n t
D iet C/e D iet E
Heart 0 . 40*0 .03 0 . 42*0.02
Lungs 0 . 58*0 .11 0 . 68*0 .23
Spleen 0 . 09*0 .02 0 . 09*0 .01
Adrenal 0 . 01*0.001 0 . 01*0.003
Kidney 0 .41*0 .04 0 . 40*0.02
Liver 5 .61*0 .57 3 . 63*0.41
T estis 1 .33*0 .14 0 . 80*0 .0 9  *
T estis  fa t 1 . 40*0.22 1 . 13*0 .13
Eye 0 . 09*0.02 0 .10*0 .01
Brain 0 .84*0 .11 0 . 94*0 .0 9
S ig n if ic a n tly  d if fe r e n t P < 0 .0 5
T a b le  2 9  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  CLAC h a m s t e r s
on mean female organ weights ( g ) ,  mean ± SD
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
D iet C/e D iet E
Body weight 126 .6  129.50
Body len gth  (cm) 17.5 1 0.50
Heart 0.581 0.15
Lungs 0.75± 0.14
Spleen 0 .35- 0 .14
Adrenal o .o i l  0 .0 1
Kidney 0 .7 1 - 0.29
L iver 5-971 2 .4 8
Ovary 0 .0 3 1  0 .0 1
Eye o . l l l  0 .0 1
B ra in . 1 .00I  0 .0 3
^ No fem ales survived
T a b le  J>0 E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o  CLAC h a m s t e r s
A u t o p s y ,  m a c r o s c o p i c  o b s e r v a t i o n s ,  m a le s
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
D iet No. Observation
C/e 1 NAD
2 NAD
5 NAD
7 NAD
9 NAD
11 NAD .
14 NAD
E 6 NAD
8 NAD
10 NAD
12 NAD
13 NAD
15 NAD
Postmortem fin d in g s on other males
E 3 Pound dead, day 110
Upper in c iso r s  w h ite,
no other abnorm alities found.
4 Found dead, day 145 
NAD
NAD No abnorm alities detected*
T a b le  3 1  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  CL AG h a m s t e r s ;
Autopsy: macroscopic observations, fem ales
D iet C/e 
D iet E
Control
Vitamin E d e f ic ie n t
D iet No. Observations
C/e 1 NAD
5 NAD
7 NAD
14 NAD
E No fem ales survived experiment
Postmortem fin d in gs on other fem ales
C/e 2 Escaped -  k i l l e d  day 32
■9 Pound dead, day 46 
NAD ( p u tr e f ie d )j
11 Escaped -  k i l l e d  day 46
E 3 Front lim bs appeared p ara lysed , 
unable to  stand, r e sp ir a tio n  d i f f i c u l t ,  
upper in c is o r s  w h ite , k i l l e d  day 126.
4 Found dead, day 48 , NAD
6 Front lim bs appeared paralysed , 
unable to  stand, r e sp ir a tio n  d i f f i c u l t ,
k i l le d  day 60.
8 Found dead, day 67 , NAD.
10 Found dead, day 48 , fo e tu s  about to  
be born.2 fo e tu se s , 3 reso rp tio n s, in  
u teru s.
12 Found dead, day 4 2 , NAD
15 Found dead, day 61 , NAD
• 15 Found dead, day 67, NAD
NAD No abnorm alities detected .
T a b le  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  CLAC h a m s t e r s ;
Autopsy: m icroscopic observations, males
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
D iet No. Muscle _ . , Fore-1xmb Diaphragm n * muscle Heart Tongue T e s t is L iver
C/e 1 E E E E E E V
2 E E E E E E V
5 E E E E E E V
7 E E E E E E V
9 E E E E E E V
11 E E E E E ■ E V
E
1—1 E E E E E E V
4
6 DD-R D D E DD-RR DD V
8 DD-R D DD E DD-R DD V
10 DD-R D DD-RR E DD-RR D V
12 D-R D D E D-R DDD V
13 DD-RR D D E DD-RR D V
15 DD-R D DD E D-R DD V
Notes: E T issue examined, normal
-  T issue not examined (p u tr if ie d )
D Degeneration (D -  s l ig h t ,  DD -  moderate, DDD -  severe)
R Rowing (R -  s l ig h t ,  RR -  moderate, RRR -  severe)
V V acu olisation
See te x t fo r  d e ta iled  d escr ip tio n s .
T a b le  33  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o  CLAC h a m s t e r s ;
A u t o p s y :  m i c r o s c o p i c  o b s e r v a t i o n s ,  f e m a l e s
D iet C/e Control
D ie t E Vitamin E d e f ic ie n t
D iet No. Muscle Diaphragm Pore-1imb muscle Heart Tongue L iver
C/e 1 E E E E E E
2 E E E E E V
5 E E E . E E E
7 E E E E E V
y
n E E E E E V
14 E • E E E E E
E 3
A
DD-R DD DDD E DD-R V
4
6
8
10
DD-RR D DDD E DD-R V
12
13
15
- - - - - -
Notes: E T issue examined, normal
-  T issue not examined (p u tr if ie d )
D Degeneration (D -  s l ig h t ,  DD -  moderate, DDD -  severe)
R Rowing (R -  s l ig h t ,  RR -  moderate, RRR -  severe)
V V acuolisation
See te x t  fo r  d e ta iled  descriptions*
3 * 3  E f f e c t s  o f  f e e d i n g  o f  v i t a m i n  E d e f i c i e n t  d i e t  t o  ALAC & CLAC
hamsters (Exp. E2)
In the previous experiment (Exp. E1) u sin g  CLAC ham sters fed  a con tro l 
or vitam in E d e f ic ie n t  d ie t ,  e f f e c t s  on body w eight in c r ea se , breeding  
performance, open f i e ld  la ten cy  and a c t iv ity  and t e s t i s  w eight have been 
described . T esticu la r  atrophy and n u tr itio n a l muscular dystrophy were observed.
This experiment was designed to confirm these fin d in g s  in  CLAC hamsters 
and to  e s ta b lish  whether an inbred albino s tra in  (ALAC) i s  more or le s s  
su scep tib le  to  a d e fic ien cy  o f vitam in E. The hamsters were caged according  
to  d ie t  and sex so that unmated fem ales could be examined.
Since i t  was important to  determine the time of onset o f vitam in E 
d efic ien cy  symptoms, hamsters were k i l le d  12, 15 and 17 weeks from the sta r t  
of the experim ent.
In ad d ition  to  measuring growth and behaviour on the open f i e l d  t e s t ,  
the red blood c e l l  f r a g i l i t y  was determined. D ia lu r ic  acid  haem olysis o f ra t  
erythrocytes i s  w e ll e sta b lish ed  as a measure o f f r a g i l i t y  (Gyorgy & Rose,
1948, Rose & Gyorgy, 1950). A more recent method measures simple haem olysis 
tim es o f normal and vitam in E d e fic ie n t  ra t RBC suspended in  is o to n ic  sa lin e  
(Draper & C sallany, 1969) • In th is  experiment the p o te n tia l o f the much more 
w idely used technique fo r  osmotic f r a g i l i t y  u sin g  a range o f hypotonic sa lin e  
so lu tio n s  was in v estig a ted  as a p o ss ib le  in d icator  o f v itam in E d e fic ie n c y .
materials and methods
Eight male ALAC, s ix teen  male CLAC, tw elve female ALAC and tw enty-four  
female CLAC hamsters aged 21 days were used . Equal numbers o f each s tr a in  
and sex were fed  e ith e r  the contro l d ie t  (D iet C /e)or the vitam in E d e f ic ie n t  
d ie t  (D iet E).
The hamsters were caged in  th rees in  HKP RM2 cages w ith sawdust and 
shredded paper as bedding; husbandry and environment are described  in  
*General M ateria ls and Methods*•
The hamsters w ith in  a cage were id e n t if ie d  by ear punching e ith e r  
(a) no ear punch -  NEP (b) one ear punch -  1EP or (c) both ears punched -  2EP« 
Because o f the number o f male ham sters, some cages contained ham sters o f  
both s tr a in s .
The d ie ts  used were the same as used in  Experiment E1•
Observations
The fo llow in g  observations were made, d e ta i ls  o f methodology are g iven  
in  * General M aterials & Methods*.
Body w eight
Open f i e ld  t e s t
Haematology
RBC F r a g il ity  t e s t s
Autopsy
weekly
at 3 weeks
at Autopsy
a t Autopsy
a t 12, 15 , 17 weeks.
At autopsy hamsters were k i l le d  and the fo llow in g  organs w eighed:-  
Heart, lun gs, sp leen , k idney, ovary, l i v e r ,  t e s t i s ,  t e s t i s  fa t  and abdominal 
f a t .  Of these the l iv e r ,  heart and t e s t i s  together w ith  muscle (b icep s  
fem oris) and diaphragm were f ix e d  and processed for  m icroscopic exam ination.
S t a t i s t i c a l  a n a ly s is
Body w eight, open f i e ld  t e s t s ,  haematology, RBC osm otic f r a g i l i t y ,  
and organ w eights were analysed by computer u s in g  a one-way an a ly sis  o f  
varian ce.
RESULTS
In d iv id u al r e s u lt s  are given in  Appendix A.
Body weight
No s ig n if ic a n t  d ifferen ces  were observed in  e ith e r  male (Table 34) 
or fem ale (Table 35) > ALAC or CLAC ham sters. ALAC hamsters weighed 
s ig n if ic a n t ly  l e s s  than CLAC ham sters.
■ Open f i e l d  t e s t
There was no s ig n if ic a n t  e f f e c t  o f d ie t  on mean open f i e l d  la ten cy  of 
male and fem ale hamsters (Table 36)•
Open f i e ld  a c t iv i t y  was s ig n if ic a n t ly  increased  in  male CLAC hamsters 
fed  the vitam in E d e f ic ie n t  d ie t  (Table 37 and 3®)* There was a very la rg e  
v a r ia tio n  in  a c t iv i t y  amongst a l l  the ham sters.
Haematology
There were no e f f e c t s  o f d ie t  on the variou s haem atologicai 
measurements (Tables 39 and 40 ).
RBC osmotic f r a g i l i t y
No e f f e c t  o f the vitam in E d e f ic ie n t  d ie t  was observed (Table 41)*
D ia lu r ic  acid  haem olysis
A sm all number o f  CLAC hamsters were te s te d , the mean r e s u lt s  are
presented in  Table 42* Both male and female hamsters fed  the d ie t  
d e f ic ie n t  in  vitam in E showed 100% haem olysis, in d ica tiv e  o f v itam in E 
d e fic ien cy , co n tro ls  showed only a small percentage of haem olysis.
Serum vitam in E
Serum vitam in E was not detected  in  CLAC hamsters fed  the vitam in E 
d e fic ie n t  d ie t  (Table 43)* Control hamsters had serum le v e l s  o f  0*48 and 
O.38 mg/lOOml fo r  males and fem ales r e s p e c t iv e ly .
Organ w eights
The on ly  e f f e c t  o f  the d e f ic ie n t  d ie t  was to  s ig n i f i c a n t ly  decrease  
t e s t i s  w eigh ts in  both s tr a in s  (T ab les 44 to  4 7 ) . A ll o th er  w eig h ts  were 
s im ila r  to  normal v a lu e s  (s e e  Appendix B).
Postmortem observations
A ll hamsters survived to  the end of the experiment in  apparent good 
h ea lth . M acroscopically no abnorm alities were detected  at postmortem.
M icroscop ica lly  le s io n s  were seen in  muscle (b icep s fe m o r is ) , diaphragm 
and te s t e s  (Tables 48 and 49) • The e f f e c t s  were the same as th ose  in  Exp. E1 
and the same scorin g  system was used. In both ALAC and CLAC fed  the d e f ic ie n t  
d ie t  te s t ic u la r  degeneration was observed, however i t  was seen in  l e s s  than 
50% of CLAC ham sters.
Muscle (b icep s fem oris) degeneration was observed in  most ham sters fed  
the vitam in E d e f ic ie n t  d ie t .  Female CLAC hamsters appeared to  be most 
a ffec te d . Some ALAC hamsters and one female CLAC hamster fed  the co n tro l d ie t  
showed s l ig h t  muscle degeneration. The diaphragm was l e s s . sev ere ly  a f fe c te d ,  
w ith only a small number of d e f ic ie n t  animals showing s l ig h t  degeneration .
Centrolobular v a cu o lisa tio n  o f the l iv e r ,  as described in  Exp. A1 was 
observed in  87*5% o f male hamsters (Table 48) and 50% o f fem ale ham sters 
(Table 49) ,  ir r e sp e c t iv e  o f d ie t  fed .
DISCUSSION
In th is  experiment the observations from Exp. E1 on reduced body 
w eight in crease  and open f i e ld  a c t iv ity  could not be repeated . The absence 
of an e f f e c t  on body weight could have r e su lte d  from the d ifferen ces  in  
housing. In th is  experiment hamsters of the same sex were caged togeth er  
whereas in  Exp. E1 they were caged in  mixed p a ir s . In the previous  
experiment (Exp. E4) the com petition between members o f the pa ir  could have 
r e su lte d  in  the s l ig h t ly  reduced increase in  body w eigh t. Notably when the  
p air  s ta r t  to  breed and the fem ale i s  pregnant or sh o r tly  a fte r  b ir th  the 
fem ale d rives the male from the n est and f ig h t in g  i s  commonly observed  
(Hoffmann, e t  a l , 1968; and personal , ob serv a tio n s). No f ig h t in g  was seen  
in  groups o f the same sex and th erefore a p o ss ib le  stim ulus to  the p r e c ip ita t io n  
o f an e f f e c t  was removed.
The r e s u lt  from the open f i e ld  t e s t  suggests that i f  £. s in g le  t e s t  o f  
open f i e ld  la ten cy  and a c t iv ity  i s  to  be made then i t  should be carried  out 
when the hamsters are much older than 42 days. At th is  age a c t iv ity  i s  so 
great i t  could mask any e f fe c t  o f d ie ta ry  d e fic ie n c y  which may or may n ot  
have developed.
In th is  study there was no evidence o f anaemia, as reported fo r  other  
sp ec ie s  (Dinning, 1963) .  However, eryth rocytes from d e f ic ie n t  hamsters 
were su scep tib le  to  haem olysis w ith d ia lu r ic  a c id . No co rre la tio n  between 
osm otic f r a g i l i t y  and d ia lu r ic  acid  f r a g i l i t y  was ev ident su ggestin g  th at 
d if fe r e n t  mechanisms o f haem olysis were being measured. The d ia lu r ic  acid  
f r a g i l i t y  was co n sisten t w ith  the low serum vitam in E le v e l s  observed.
The w eight of the l e f t  t e s t i s  o f vitam in E d e f ic ie n t  hamsters o f both  
s tr a in s  was s ig n if ic a n t ly  lower, as in  Exp. E1 • Degeneration was a lso  
s im ilar  to  th at seen in  Exp. E1 but the in cid en ce was much lower w ith  not a l l  
males b e in g  a ffec te d . . In Exp. E1 the males were examined a fte r  24 w eeks.
In t h is  experiment the hamsters were sampled a fte r  12 to  17 weeks su ggestin g
th at the maximum degeneration of the germinal epitheluim  occured sometime 
a fte r  17 weeks on th is  d ietary  regim e, or the d e fic ien cy  induced was not as 
great* The weight o f the te s te s  appears th erefore  to  be a more s e n s it iv e  
in d ica to r  s in ce  the w eights o f a l l  t e s t e s  from hamsters fed  the d e f ic ie n t  
d ie t  were reduced.
• S im ila r ly  muscular dystrophy under the con d ition s o f th is  t e s t  reached 
a maximum a fte r  17 weeks but i s  evident from 12 weeks. This i s  in  agreement 
w ith  West & Mason (1955) who reported h is to lo g ic a l  changes in  muscle at 2 
to 3 months. The time sca le  of th ese changes must to  some ex ten t be r e la t iv e  
and dependant on d ie t  and body sto res  o f the vitam in .
As in  Experiment E1 no changes in  cardiac muscle were observed, although 
myocardial fa ilu r e  has been reported fo r  vitam in E d e f ic ie n t  ra b b its  (Houchin 
& Smith, 1944) and Mason & Emme l (1945) reported  n ecro s is  and f ib r o t ic  
replacement in  the ra t myocardium a fter  more than one year on a vitam in E 
d e f ic ie n t  d ie t .
I t  would appear from th is  experiment th at t e s t ic u la r  w eight and d ia lu r ic  
acid  haem olysis are p a r ticu la r ly  good in d ica to rs  o f vitam in E s ta tu s .
Table 34 E ffec ts  o f feed in g  a vitam in E d e f ic ie n t  d ie t  to  ALAC & CLAC
hamsters on male body w eights ( g ) , mean ± 1SD
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Strain ALAC CLAC
D iet :c /e  E C/e E
Day 0 31 .7  ±1.26 31.7  ±3.30 41-6 ± 4-34 41-7 + 4-17
7 47.2 ±1.50 47.O ±3.16 60.2 ± 5-60 59 .3 + 5-32
14 61.7 ±1.71 62.2 ±2.63 74-8 ± 6.45 74.1 + 5.62
21 71.2 ±3.69 72.0 ±1.63 83 .O ± 6.41 83.I + 6.01
28 77.2 ±4.43 76.7 ±3-40 89.8 ± 6.27 89.8 + 6 .53
35 79.7 ±5.56 79-2 +3-40 93-0 ± 6.05 93-7 + 7.80
42 82.2 ±4.03 83.O ±4.16 97-2 ± 6 .09 98.2 + 8.05
49 84.0 ±4*62 83-5 14-51 100.1 1 6.33 101.3 + 8 .38
56 85.0 13-65 83-0 13-37 101.0 1 7-05 103.2 + 7.50
63 85-5 15-57 78.5 12.52 102.1 1 7-22 IO3.8 + 7.53
70 86.0 15.35 79-7 14-19 101.5 1 9-21 105.8 + 7.26
77 88.0 ±5-89 79.5 ±8.06 105.6 ± 7-54 IO6.7 + 8.26
84 86.0 ±2.83 80.7 ±4-99 107.8 ■± 7-30 IO6 .3 + 9.94
91 85*6 13.51 81.2 17 .04 109.5 1 9-11 107.0 + 8.64
98 79.2 ±4.99 105.8 ±12.32 102.8 + 9-54
105 83.O ±6.22 106.5 ±15.32 IO6.5 + 7.12
112 88.5 ±0.71 111.0 ±21.17 111.0 + 8.19
119 90.0 ±1.41 113-3 ±20.03 114.3 ±10.02
No s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  d i e t s  f o r  b o t h  s t r a i n s
S i g n i f i c a n t  ( p < 0 . 0 l )  d i f f e r e n c e  b e t w e e n  s t r a i n s  o n  b o t h  d i e t s .
Table 35 E ffe c ts  o f feed in g  a vitam in E d e f ic ie n t  d ie t  to  ALAC & CLAC
hamsters on female body w eights (g ) ,  mean ± 1SD
D iet C/e Control
D ie t E Vitamin E d e f ic ie n t
Stra in  ALAC CLAC
D iet C/e E C/e E
Day 0 36.5 ± 3-83 36.5 ± 3-27 38.5 ± 4 .46 38.0 ± 4 .39
7 50.5 ± 4.76 50.8 ± 3-37 5 4 .4 ± 5 .30 5 2 .4 ± 5-57
14 63.3 ± 5 .01 60.0 ± 6.23 69.O ± 6.12 67 .4 ± 5-09
21 73-0 ± 5.33 70.5 ± 5.21 78 .1 ± 7*12 78.7 ± 6 .0 0
28 7 7 . 3 ± 6.59 69.3 ± 9-40 84*8 ± 9.63 85-3 ± 6 .79
35 75.O ±12.93 75.8 ± 8.01 86.5 ±10.70 89-3 ± 7-62
42 73*0 ±19.30 78.1 ± 7-88 89-5 ±10.60 94-0 ± 8 .94
49 73.6 ±21.76 78.3 ± 8.89 92.0 ±10.65 95-5 ± 9-92
56 79. I  ±18.17 79.1 ±10.13 96.6 ±12.14 97-3 ± 9-17
63 85.5 ±16.36 77.3 ±11.96 99.0 ±12.78 98-9 ± 9-66
70 88.5 ±14.69 82.1 ±11.81 102.4 ±13.06 102.0 ± 9 . 7  6
77 92.0 ±16.14 84.8 ±11.51 108.0 ±10.37 107-2 ±10.86
84 94.5 ±13-84 85.0 ±12.23 110.3 ± 9-02 110.1 ±11.95
91 88.2  ± 5 .44 86.8 ±14.58 112 .7 ±12.15 112.6 ±11.58
.98 107-5 ±12.32 114.3 ± 5-96
105 111.5 ±13.90 113-3 ± 9.22
No s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  d i e t s  f o r  b o t h  s t r a i n s
S i g n i f i c a n t  ( p < 0 . 0 l )  d i f f e r e n c e  b e t w e e n  s t r a i n s  o n  b o t h  d i e t s .
T a b le  36 E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  ALAC & CLAC
hamsters on open f i e ld  la ten cy  (secon d s), day 21 , mean ± SD
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Males
D ie t C/e E
S tra in  (N) P
ALAC (4) 1 .25+0.5 1 .25+0.5 NS
CLAC (8) 1 . 50±0 .8 1 . 50±0 .8 NS
.Females
D iet C/e E
S tra in  (N) p
ALAC (6 ) 1.00±0 l-33± 0 .5 ' NS
CLAC (12) 1 . 17±0 .4 1.00±0 NS .
NS No s ig n i f ic a n t  d if fe r e n c e
T a b l e  3 7  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  AhAC & CLAC
hamsters on open f ie ld  a c t iv i ty  (number o f squares crossed in  
2 m inutes), day 21, mean i  SD
D iet 0 /e Control
D iet E Vitamin E d e f ic ie n t
M ales
D iet C/e E
Strain  (N) P
ALAC (4) 117 .0 i29 .7 1 1 8 .5± 9*8 NS
CLAC (8) 84 .0 -17 .5 112.1*21.5  < 0 .0 5
Females
D iet C/e E
S tra in  (N) P
ALAC (6) 1J2.J±48.3 94.2±47.6 NS
CLAC (12) 98.3±17-5 87.4^33-0 NS
NS N o s i g n i f i c a n t  d i f f e r e n c e
T a b l e  3 8  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  ALAC & CLAC
hamsters on mean open f ie ld  a c t iv i ty ,  corrected  fo r  la ten cy  
(number of squares crossed in  2 m ins), day 21
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
M ales
D iet C/e E
S tra in  (N) P
ALAC (4) 117.5 119.0 NS
CLAC (8) 84.6 112.9 < 0 .0 5
Females
D iet C/e E
S tra in  (N) P
ALAC (4) 132.3 94.8 NS
CLAC (8) 98.6 87.4 NS
NS No s i g n i f i c a n t  d i f f e r e n c e
T a b le  3 9  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o  -ALAC & CLAC
hamsters on mean term inal male haematology
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
D iet C/e s
Strain ALAC CLAC ALAC CLAC
Haemoglobin 
conc. (g /d l) 16.6 15-9 15.8 16.1
T otal erythrocyte  
count ( x 1 0 ^ / l ) 7-95 7 .44 7.71 7.28
Packed c e l l  
volume (%) 53 ^ 54 54 55
Mean corpuscular 
volume ( f l ) 67 t 74 71 76
Mean corpuscular 
haem. (pg) 21 22 21 22
Mean corpuscular 
haemoglobin conc. 
(g /d l)
33 ^ 30 30 33
Total leu cocyte  
count (xIO ^/l) 6.68 5-86 6.80 6.85
No s t a t i s t i c a l  d ifferen ces  between d ie ts  
/  One r e s u lt  only -  no s t a t i s t i c s
T a b le  4 0  E f f e c t s  o f  f e e d in g :  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  ALAC & CLAC
h a m s t e r s  o n  m ea n  t e r m i n a l  f e m a l e  h a e m a t o lo g y
D iet C/e Control
D iet E . Vitamin E d e f ic ie n t
D iet C/e E
S tra in ALAC CLAC ALAC CLAC
Haemoglobin 
conc. (g /d l) 14.6 15-4 15 .8 16 .1
T otal erythrocyte  
count (x10 / l ) 6.60 6.75 6.97 6 .9 4
Packed c e l l  
volume (/o) 49 51 50 ■ 32
Mean corpuscular 
volume ( f l ) 73 78 72 75
Mean corpuscular 
haem. (pg) 22 23 22 23
Mean corpuscular 
haemoglobin conc.
( g /a i )
30 30 30 30
Total leu cocyte  
count (x1C)9/l) 6.38 6 .60 6 .20 7-50
No s t a t i s t i c a l  d i f f e r e n c e  b e t w e e n  d i e t s
1
T a b le  4 1  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o  ALAC & CLAC
hamsters on mean term inal RBC osm otic f r a g i l i t y
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
(Sodium chloride conc. (%) g iv in g  50% haem olysis)
D iet
Strain ALAC
C/e
CLAC ALAC
E
CLAC
Males 0.426 0.411 0.408 0.411
Females 0.454 0 .414 0.453 0.399
Do s t a t i s t i c a l  d ifferen ce  between d ie t s .
T a b le  4 2 E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  .ALAC & CLAC
h a m s t e r s  o n  d i a l u r i c  a c i d  h a e m o l y s i s  t e s t ,  m e a n s ,  d a y  1 1 9
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Haemolysis %
D iet C/e E
Males 8*8 104
Females 12 .4 103
\
T a b le  4 3  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  ALAC & CLAC
h a m s t e r s  o n  m ean  se r u m  v i t a m i n  E (m g /lO O m l)
D iet C/e 
D iet E
Control 
yitam in E d e fic ie n t
D iet C/e E
Males 0-48 ND
Females O.38 ND
ND Not d etectab le
T a b le  4 4 E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o  ALAC & CLAC
hamsters on male organ w eights (g ) .  mean ± 1SD
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
S tra in ALAC CLAC
D iet C/e E C/e E
Body weight ^ 88.1 ±3*15 85.3 ±8 .14 110.0 ±13.02 110 .6 ±11.43
Body length(cm) 14 . 50i o .61 14.50±0 . 5 0 . 15*44“ 0.50 15 • 31± 0 .53
Heart 0 . 40+0.03 0 . 40±0 .05 0.45± 0 .0 4 0 • 43± 0 .0 4
Lungs O.53±0.03 0.54±0 .08 0 .58± 0.06 0 • 59± 0.11
Spleen 0 .1 2 io .0 2 0 .l6 ± 0 .05 0 . 13± 0 .03 0 •13“ 0.05
Kidney 0 . 40±0.02 0.41±0 .05 0 .44± 0.06 0 • 45± 0.02
T e s t is 1 . 68±0.13 l.35±o.. 17* 1 .5 9 “ 0 .11 1 , • 38± 0 .27
T e s t is  fa t  / 0.84±0.04 CD
CD•
0 .16 1.40± 0 .3 9 1 , •53± 0.25
L iver / 3.71±0.30 3 . 62+0 ,*05 5*94± 1.18 6.►24± 0 .8 9
Abdominal Pat 0 . 90±0.20 1.28+0,►32 1.25± 0 .59 1 . • 30± O.32
*  D i e t  E s i g n i f i c a n t l y  d i f f e r e n t  ( P < 0 . 0 5 )  f r o m  D i e t  C
/  S i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  s t r a i n s .
Table 45 E ffe c t of feed in g  a vitam in E d e f ic ie n t  d ie t  to  ALAC & CLAC
hamsters on male organ w eights (g/lOOg) mean £ 1SD
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
S tra in
D iet c /a
ALAC
E C/e
CLAC
E
Body w eight / 88.1  ±3.75 85.3 ±8.14 110. 0 +13.02 110.6 ±11.43
Heart 0 . 46*0.03 0.47*0.01 0.41* 0 .03 0 .39* 0 .0 4
Lungs 0 . 60*0.03 0.63*0 .04 0 .5 3 - 0.06 o .5 3 ± 0 .07
Spleen 0 . 14*0.02 0.21±0.14 0 . 12+ 0 .0 4 0 . 12± 0 .0 4
Kidney 0 . 45*0.01 0 . 48*0.02 0 . 40* 0.06 0 .41* 0 .03
T e s t is 1 . 91*0.16 1 . 58*0 .08* • 1.46* 0 .13 1 .25* 0 . 22*
T e s t is  fa t 0 . 95*0.05 1 . 03*0.12 1.26* 0 .26 1 . 32* 0 .2 9
L iver / 4 . 21+0.33 4.27*0.49 5.37* 0 .61 5-65* 0 .5 3
Abdominal Fat 1 .03*0 .2 4 1.54*0.55 1 .11* 0.45 1 .18* 0 .30
*  D i e t  E s i g n i f i c a n t l y  d i f f e r e n t  ( P < 0 . 0 5 )  f r o m  D i e t  C
/  S i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  s t r a i n s .
T a b l e  46 E f f e c t  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t ,  d i e t  t o  ALAC & CLAC
h a m s t e r s  o n  f e m a l e  o r g a n  w e i g h t s  ( g ) ,  m ea n  it lS D
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
S tra in ALAC CLAC
D iet C/e E C/e E
Body weight / 96.8 ±15*35 89.0  ±13.04 111.4  ±10.20 107.5 ±7.14
Body length(cni) 14*83-  0 .75 14.75± 1.06 15. 27± 0.52 15.20±0.35
Heart 0.46± 0 .05 0 . 43± 0 .06 0 . 46± 0 .04 0.45^0*05
Lungs 0 . 64± 0 .08 0.67±  0 .1 7 0 . 62± 0 .04 0 . 65±0.03
Spleen 0 . 21± 0 .08 0 . 16± 0.03 0 .19±  0 .06 0 . 16±0.03
Kidney o . 47i  0.05 o.40±  0 .05 0.46±  0 .04 0.30±0.07
Ovary 0.02± 0 .00 0.02±  0 .0 0 0.02±  0 .0 0 0.02±0 .00
Liver / 4.29^ 1 .14 3 .8 6 i  0 .5 9 5*56i 0 .84 5.88±0.95
Abdominal Pat 1.23+ O.69 1 .2 4 1  0 .45 1.84±  0 .73 1 . 62+0.42
No s ig n if ic a n t  d ifferen ces  between d ie t s  
/  S ig n ific a n t d ifferen ce  between s tr a in s .
T a b le  4 7 E f f e c t  o f  f e e d in g ;  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  ALAC & CLAC
h a m s t e r s  o n  f e m a le  o r g a n  w e i g h t s  ( g / l O O g ) ,  m ea n  ±  1SD
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
S tra in ALAC CLAC
D iet C/e E C/e E
Body weight / 9 6 .8 + 1 5 .3 5
. vt-0•N*\
•rt0.CT\
CO 111 .4  - 12.20 107.5 ^7-14
Heart 0.48± 0 .07 0 . 48± 0.05 o . 4i±  0 .05 0 . 42±0.05
Lungs O.67+ 0.06 0 .74 i  0 .09 0.56±  0 .06 0 .60± 0 .04
Spleen 0.21± 0.06 0.18±  0.01 0 . 17± 0.05 0 . 15±0.02
Kidney 0 . 50+ 0.10 0.45^ 0 .04 0 .4 2 1  0 .05 0.46±0.05
Ovary 0.02± 0 .01 0.02± 0 .01  . 0 .02±  0 .0 0 0 .02±0.00
Liver 5*19- 2 .02 4-35± O.29 5 . 05± 0.62 5.45^0.71
Abdominal Fat 1 .241 0 .58 I . 56+ 0 .26 1.62+ 0 .56 1 .50+ 0.54
No s ig n if ic a n t  d ifferen ces  between d ie t s  
/  S ig n if ic a n t d ifferen ce  between s tr a in s .
T a b le  4 8  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o  ALAC & CLAC
hamsters: Autopsy; m icroscopic observations, males
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
S tra in  D iet J??? , K illed
Cage/
Id en t. Liver T e s t is Heart Muscle Diaphragm
ALAC C/e 105 5/NEP V E E D E
15/1EP V E E E E
119 5/1EP V E E D E
15/REP V E E E E
E 105 12/1EP V DD E E D
14/REP V E E D E
119 12/HEP V D E D/R E
14/1EP V D E D E
CLAC C/e 84 2/1EP V E E E E
18/1EP V E E E E
105 2/REP E E E E E
2/2EP V E E E E
15/HEP V E E E E
119 5 / hep E E E E E
18/REP V E E E E
18/2EP • V E E E E
-3*
00H l / lE P V E E E E
14/HEP V E E D D
105 l/NEP V DD E D/R D
1/2EP V D E E DD
8/1EP V E E D E
119 8/REP V E E DD D
8/2EP V D E D E
12/REP E E E DD E
E T issue examined, 
D Degeneration (D
, normal 
-  s l ig h t , DD - moderate , DDD - severe)
V V acuolisation
See te x t  for  d e ta iled  d escr ip tio n
jR Rowing (R -  s l i g h t ,  RR -  m oderate, RRR -  severe)!
T a b le  4 9  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o  ALAC & CLAC
hamsters: Autopsy: m icroscopic observations* fem ales
D ie t C/e Control
D ie t E Vitamin E d e f ic ie n t
S tra in  D iet I)a "^K illed
Cage/
Ident. Liver Heart Muscle Diaphragm
ALAC C/e 84 4 /nep V E E E
4/lEP V E E E
6/1EP V E E E
,105 4/2EP E E D E
6/2EP V E - E-
119 6/NEP V E E E
E 84 7/lEP E E D E
16/NEP E E D E
16/2EP V E D E
105 7/NEP V E D/R D
7/2EP V E E D
119 16/lEP E E D E
CLAC C/e 84 9/NEP E E E E
. 9/lEP E E E E
9/2EP V E E E
15/NEP V E E E
13/lEP E E E E
13/2EP E E E E
105 10/KEP E E E -
10/2EP V E D E
11/NEP V E E E
119 10/lEP E E E E
11/lEP V E E E
11/2EP V E E E
E T issue examined, normal 
— T issue not examined, l o s t  in  processing  
D Degeneration (D -  s l ig h t ,  DD -  moderate, DDD -  severe) 
V V acuolisation
See t e x t  fo r  d e ta iled  d escr ip tio n s .
R Rowing (R -  s l i g h t ,  RR. -  m oderate, HRR -  s e v e r e ) ;
T a b le  4 9  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o  ALAC & CLAC
contd.
ham sters; Autopsy: m icroscopic observations, fem ales
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
S tra in  D iet JPf?"K illed
Cage/
Ident* Liver Heart Muscle Diaphragm
CLAC E 84 3/REP E E dd/ r E
3/1EP E E D E
3/2EP E E D/R E
20/REP V E D/R E
20/lEP E E D E
20/2EP E E D/R E
105 17/REP V E dd/ r D
17/lEP E E - E
17/2EP E E D/R D
119 19/REP V E dd/ rr D
19/lEP V E ddd/ r E
19/2EP E E dd/ r E
E Tissue examined, normal
-  T issue not examined, l o s t  in  processing
D Degeneratio n  (D -  -s lig h t, DD -  moderate , DDD — severe)  
R Rowing (R — s l i g h t ,  RR — m oderate, RRR — s e v e r e ) '
V V acuol i  s a t i  on "
See te x t  fo r  d e ta iled  d escr ip tio n s .
3 * 4  E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentrations to  WO male hamsters (Exp. 11)
Previous experiments e sta b lish ed  the e f f e c t s  o f d ie t s  d e f ic ie n t  in  
e ith e r  v itam in  A or vitam in E and provided evidence as to  the most u se fu l  
measurements fo r  assessm ent o f the q u a n tita tiv e  requirement o f th ese  
vitam ins. This experiment was designed to  in v e s t ig a te  the e f f e c t s  o f  
various concentrations o f vitam ins A and E and the e f f e c t  o f  the in te r a c tio n  
of th ese vitam in concentrations on body weight increase and t e s t ic u la r  w eight. 
I t  was hoped th at the inform ation derived from t h is  experiment would q u antify  
the requirement and e s ta b lish  the optimum r a t io  o f th ese vitam ins fo r  the  
Syrian ham ster.
The n u tr it io n a l r e la t io n sh ip  between vitam ins A and E has been the  
subject of several in v e s t ig a t io n s . That there i s  a r e la tio n sh ip  between 
th ese vitam ins has been recognised  sin ce  Davies and Moore (1941) o r ig in a lly  
showed th at r a ts  deprived o f both vitam ins l o s t  th e ir  p rev iou sly  h igh  l iv e r  
sto res  o f vitam in A fa s te r  than r a ts  given  a supplement o f vitam in E. The 
nature o f the in te r r e la t io n  i s  complex and has not y e t  been f u l ly  e lu c id a ted . 
Thus vitam in E decreases the ra te  at which h ep atic  l e v e l s  o f v itam in  A are 
re lea sed , but only when the o r ig in a l l e v e l s  are h igh , not when the s ta r t in g  
le v e l s  are only one-tenth o f t h is  (Green, e t  a l , 1967; Cawthorne, e t  a l , 1968). 
Vitamin E has a lso  been shown to in crease  both the u t i l i z a t io n  (Hickman, e t  a l , 
1944) and storage (Dam, e t  a l , 1952) o f v itam in A in  the ra t and ch ick .
I t  has been suggested th at high le v e l s  o f vitam in A may antagonise  
vitam in E in  the d ie t  (Irving, 195&) and h igh  d ie ta r y  l e v e l s  o f  v ita m in  
A can lea d  to  d ecreased  tocop h ero l co n cen tra tio n s  in  th e l i v e r ,  
kidneys and h eart o f  r a ts  (Edwin, e t  a l , 1962) .
In th is  experiment only p h y sio lo g ica l l e v e l s  o f the vitam in have been
used in  a fa c to r ia l  experiment. That i s ,  4 concentrations o f v itam in A and 
3 concentrations o f vitam in E have been used in  12 d if fe r e n t  com binations
ranging from d ie ts  con ta in in g  no vitam in A or E to  d ie ts  contain ing  
40000 iu /k g  vitam in A and 400 mg/kg vitam in E.
In add ition  to  body w eight in crea se , and te s t ic u la r  development, 
femur w eight and length  were measured to  determine whether the vitam in A 
le v e l s  had a ffec ted  bone development* During growth, lack  o f vitam in A 
can cause d e fe c tiv e  form ation o f the bones. No evidence appears ,to  have 
been obtained that bone form ation i s  d e fe c tiv e  in  the ra t or hamster 
deprived of vitam in A but fra ctu res  can be induced by h yp erv it amino s i s  A 
in  the ra t (C ollazo & Sanchez-Rodriguez, 1955) an  ^ malformation o f bones 
has been described in  dogs (Mellanby, 1958-59; 1944)*
MATERIALS AND METHODS
An outbred s tr a in  o f hamster was used in  th is  experiment because 
of the requirement for  a la rg e  number o f male hamsters a t the same age. 
T hirty s ix  male weanling WO hamsters (aged 24 days), randomly s e le c te d  from 
a group of 40 were used. They were fed  fo r  32 days one o f tw elve  
experim ental d ie ts  ad lib itu m , each w ith  a d if fe r e n t combination o f v itam in  
A and vitam in E concentrations as d e ta iled  below. The b a sic  d ie t  used i s  
given in  Tables 3 t o  6 .  Corn o i l  was used as the fa t  source and fa t - s o lu b le  
vitam in concentrations were v ar ied  by in crea sin g  or decreasing the amounts 
o f Rovimix A and E added.
The hamsters were caged in d iv id u a lly  in  NKP RM2 cages w ith  sawdust 
as l i t t e r ;  husbandry and environment are described in  G eneral M ateria ls  
and Methods1.
D i e t s  1  t o  1 2
V i t a m i n  A a n d  V i t a m in  E  c o n c e n t r a t i o n s  a n d  c o m b i n a t i o n s
Vitamin E Vitamin A (iu /k g )
(mg/kg) 0 400 4000 40000
0 1
(A1E1)
4
(A2E1)
7
(A3EI)
10
(A4E1)
40 2
(A1E2)
5
(A2E2)
8
(A3E2)
11
(A4E2)
400 3
(A1E3)
6
(A2E3)
9
(A3E3)
12
(A4E3)
Observations
The fo llo w in g  observations were made, d e t a i l s  of methodology are 
given in  *General M aterials & Methods* •
Body weight j weekly
Autopsy s Lay 31
At autopsy the hamsters were k i l le d  and the l e f t  t e s t i s  and femur 
were weighed, the len gth  o f the femur was a lso  measured u s in g  a micrometer.
The fo llo w in g  organs were fix ed  in  buffered form alin  and p ara fin  processed
fo r  m icroscopic exam ination:- eye, h eart, lu n g s, trachea, sa liv a r y  gland , 
t e s t i s  ( r ig h t ) , muscle (b iceps fem o r is), diaphragm, l i v e r .
S t a t i s t ic a l  a n a ly s is
Increase in  body w eight, t e s t i s  w eigh t, femur w eight and r e la t iv e  
organ w eights were analysed by computer u s in g  a two-way a n a ly sis  of 
varian ce, is o la t in g  the variances due to  vitam in  A, vitam in  E, the 
in ter a c tio n  o f v itam in A and vitam in E, and error*
RESULTS
In d iv id u a l r e s u lt s  are given in  Appendix A.
Body Weight
Mean weekly body w eights for  hamsters fed  the 12 d if fe r e n t  d ie t s  are 
given in  Table 50* D ie ts  9» 2 and 7 gave the g rea tes t in crease  in  body 
weight and d ie ts  10, 4 and 5 the sm allest in c r ea se , but the d ifferen ces  
were not s t a t i s t i c a l l y  s ig n if ic a n t (Table 51) •
Organ w eights
A s ig n if ic a n t  e f f e c t  of vitam in E concentration  on t e s t i s  w eight 
was observed (Table 52)* The t e s t i s  w eight o f hamsters fed  d ie t s  
contain ing vitam in E3 concentrations were greater  than those fed  vitam in  
E2 con cen tration s, which in  turn were grea ter  than those fed  vitam in El 
concen tration s. There was no s ig n if ic a n t  e f f e c t  o f v itam in A or the  
in ter a c tio n  o f the two vitamins*
No e f f e c t  o f d ie t  on femur w eight (and r e la t iv e  w eight) or femur 
length  (T ables 55 sJid 54) was found.
Post mortem observations
A ll hamsters survived to  the com pletion o f the experiment in  
apparent good health* M acroscopically (Table 55) no abnorm alities  
were detected  apart from the obvious small te s te s*
The hamsters were fed  the experim ental d ie t s  for  only 52 days and 
consequently oiily a few le s io n s  were found in  most t is s u e s  (Table 5&)* 
However moderate degeneration o f muscle (b icep s fem oris), as described  in  
Experiments El and E2 was observed* I f  considered in  r e la t io n  to  the  
le v e l  o f vitam in E in  the d ie t ,  degeneration was more widespread in  d ie t s  
contain ing no vitam in E. Animals on d ie ts  contain ing 40 mg/kg vitam in E 
were s im ila r ly  a ffec ted  and even two animals were s l ig h t ly  a ffe c te d  on 
d ie t s  contain ing 400 mg/kg vitam in E* I f  th ese  e f f e c t s  o f v itam in E are 
considered in  r e la t io n  to  the le v e l  o f vitam in A the hamsters were g iven , 
degeneration was most freq u en tly  seen in  hamsters given 400 iu /k g  vitam in  
A; hamsters given 0 or 40,000 iu /k g  vitam in A showed a moderate occurrence
of s l ig h t  degeneration and hamsters given 4000 iu /k g  were not a f fe c te d .
\
In addition  to  decreased w eigh t, many t e s t e s  showed s l ig h t  to  
moderate degeneration as described in  Experiments Al, El and E2. I t  was 
not p o ss ib le  to  a scerta in  whether degeneration was because o f v itam in  A or 
vitam in E except where the d ie t  was d e f ic ie n t  in  one o f th ese  vitam ins*
A ll t e s t e s  examined were mature; sexual m aturity in  male hamsters has been  
estim ated to  occur at about 6 weeks of age (Vandenburgh, 1971; TJFAW, 1972)* 
I t  seems most l ik e ly  that t e s t ic u la r  atrophy occurred as a r e s u lt  o f  
vitam in E d e fic ien cy  since degeneration was seen in  the t e s t e s  o f a l l  but 
one of the male hamsters which were fed  d ie ts  th at contained no v itam in  E.
Several males fed the d ie t  contain ing 40 mg vitam in E/kg were a lso  
a ffec ted  whereas no hamster fed the 400 mg vitam in E/kg was a ffected*
The le v e l  o f vitam in A appeared to  have no e f f e c t  on the degeneration.
Some v a c u o lisa tio n  o f the l iv e r s  was observed "in about 60% o f  
the hamsters (se e  a lso  Experiment A1) .
DISCUSSION
In th is  r e la t iv e ly  short experiment i t  was found th a t concen trations  
of above 40mg vitam in E per kg d ie t  are required  for  maintenance o f the  
t e s t ic u la r  germinal epithelium . Although the q u a n tita tiv e  requirem ent for  
vitam in E i s  not known, p u rified  d ie ts  conta in ing  25mg o f ©c-tocopherol 
per kg d ie t  and small amounts of polyunsaturated l ip id s  have been sa id  to  
be adequate (Hamilton & Hogan, 1944; S a lley  & Bryson, 1957; Schw eigert, 
et  a l , 1950). I t  would appear therefore th a t the vitam in E requirement 
for  breeding hamsters i s  40mg/kg d ie t ,  approxim ately tw ice th a t required  
for normal growth ( i e  25mg/kg d ie t ) .
Degeneration of the sem iferous epithelium  in  the hamster i s  sim ilar  
to  th at seen in  the rat and also  occurs a t about the same time -  40 to  50 
days (Mason, 1954)* Onset of muscular dystrophy occurs a t about th is  
time as p rev iou sly  noted by West & Mason (1958) •
T a b l e  5 0  E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentrations to  WO male hamsters on 
mean body w eights (g)
D ie ts  1 to  12 described in  te x t
D ie t 1 2 3 4 5 :6 : 7 8 9 10 11 12
Day
0 41.5 42.0  40.0 40*3 44*5 42.0 59.5 41 .0 42.7  40 .0  41 .7  45*5
7 54 .7 59 .5  60.6 57 .5  58.3  57 .7 60.3 60.0 64.O 54 .7  60.3  57*0
14 69*0 75-5 75.7 75-0 75-0 74.0 75.5 75.5 82.3  67.0  74*7 66 .3
21 8I .3 87*7 88.7 74*7 8I .3  84.7 88.0 86.0 94*7 77*7 84*5 80.0
28 92.0 97.7  95.5 82.3  91.0 95.5 98.0 95*5 100.3 83*7 95*5 92.0
51
Terminal
97.0 104.5 99.7 89.3  95.7 98.0 101.3 100.3 107.0 88 .3  99*5 98.3
T a b le  5 1  E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in  A and vitam in E concentrations to  WO male ham sters on 
mean in crease  in  body weight (g) over 32 days
D iets  described in  t e x t .
Vitamin
Concentration Al A2 > 3 A4
El 55*5 48.9 61'. 9 48 .9
E2 62.0 51.5 56.5 57 .7
E3 59.2 56.5 59-4 57 .7
A nalysis o f variance
Source DF ss MS F P
Vitamin A 5 . 676.97 225.65 0.97 NS
Vitamin E 2 217.38  - 108 .69 0 .47 NS
In tera ctio n 6 176.61 29.43 0 .1 3 NS
Error 24 5568.00 232.00
T otal 35 6638.97
US N ot s i g n i f i c a n t
T a b l e  5 2  E f f e c t s  an d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentrations to  WO male hamsters on 
mean l e f t  t e s t i s  weigfrt (mg)
D iets described in  t e x t .
Vitamin
Concentration A1 A2 A3 A4
E1 645 300 767 356“
E2 ' 1155 513 885 1029
E3 I I 64 1287 1378 1207
A nalysis of variance  
Source
Vitamin A 
Vitamin E 
In tera ctio n  
Error 
Total
DF SS MS F P
3 547729.55 182576.51 1 .32  NS
2 3303995.38 1651942.69 11.92 <0.001
6 682846.61 113807.76 0 .82  NS
24 3327161.33 138631.72
35 7861622.88
NS N ot s i g n i f i c a n t .
T a b le  5 3  E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentrations to  WO male hamsters on 
mean dry l e f t  femur weight (mg)
D ie ts  described in  te x t .
Vitamin
Concentration A1 A2 A3 A4
E1 72 60 68 54
E2 66 64 63 61
E3 64 63 59 .55
A nalysis o f variance
Source DF ss MS F p
Vitamin A 3 538-75 179-58 2.16 NS
Vitamin E 2 . 87.05 43-52 0 .5 2 NS
In tera ctio n 6 247.16 41-19 0 .5 0 NS
Error 23 1908.00 82.95
Total 34 2780.97
NS N o t  s i g n i f i c a n t .
T a b le  5 4  E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentrations to  WO male hamsters on 
mean l e f t  femur len gth  (mm)
D ie ts  described in  text*
Vitamin
Concentration A1 A2 A3 A4
E1 21 21 22 20
52 21 21 20 21
E3 21 21 21 22
T a b le  5 5  E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concen trations to  WO male ham sters;
Autopsy : macroscopic <observations
D ie ts  1 to 12 described in  te x t .
D iet Hamster Nos. O bservations
1 22, 5 , 10 No«5 — small t e s t e s ,  N os.22, 10 — NAD
2 8 , 28 , 17 NAD
5 34, 27 , 36 NAD
4 6 , 13 , 21 NAD
5 33, 26, 19 No. 33 -  f r ia b le  l i v e r ,  
No. 19 -  small t e s t e s  
No, 26 -  NAD
6 29, 2 , 16 NAD
7 9, 1 , 35 No. 9 -  small t e s t e s ,  Nos.*l,35 -  NAD
8 18, 4 , 31 NAD
9 7, 30, 23 NAD
10 3, 15, 24 N os.3 , 15 -  small t e s t e s ,  No.24 -  NAD
11 1 4 , 20, 12 No. 12 -  small t e s t e s ,  Nos.14,20 -  NAD
12 11, 32, 25 NAD
NAD -  No abnorm alities d etec ted .
T a b le  56  E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentrations to WO male ham sters; 
Autopsy; m icroscopic observations
D ie ts  1 to  12 described in  te x t .
D iet Hamster ^aphragm Eye Heart Liver Lung Muscle T e s t is  Trachea
1 22 E E E V E E E D E
2 8 E E E E E DD E E E
3 34 E E E V E E E E E
4 6 E ' E E E E DD E E E
5 33 E E E E E D E E E
6 29 E E E V E E E E E
7 9 E E E E E DD E DD E
8 18 E . E E E E DD E E E
9 7 E E E V E D E E E
10 3 D E E E E D E DD E
11 14 E E E V E DD E E E
12 11 E E E V E E E E E
Notes : E T issue examined, normal
D Degeneration ,(D -  s l ig h t ,  DD -  moderate, DDD -  severe) 
V V acu olisation
S e e  t e x t  f o r  d e t a i l e d  d e s c r i p t i o n s .
T a b le  5 6  E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
c o n t d .
vitam in A and vitam in E concentrations to  WO male hamsters; 
Autopsy : m icroscopic observations
D iets  1 to  12 described in  te x t
D iet Hamster j^aphragm Ey-e Heart Liver Lung Muscle T e s tis  Trachea
1 5 E E E V E D E D E
2 28 E E E E • E E E D E
3 27 E E E E E . E E E E
4 13 E E E V E D E D E
5 26 E E . E V E D E D E
6 2 E E E V E D E E E
7 1 E E E E E E E L E
8 4 E E E E E E E D E
9 30 E E E V E E E E E
10 15 E E E V E DD • E DD E
11 20 E E E V E E E E E
12 32 E E E V E E E E E
Notes; E T issue examined, normal
D Degeneration (D -  s l ig h t ,  DD -  moderate, DDL -  severe) 
V V acu olisation
S e e  t e x t  f o r  d e t a i l e d  d e s c r i p t i o n s .
T a b le  56  E f f e c t s  a n d  i n t e r a t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
C o n t d .
vitam in A and vitam in E concentrations to  WO male ham sters; 
Autopsy : m icroscopic observations
D iets  1 to  12 described in  t e x t .
D iet Hamster j^aphragm gye Heart L iver Lung Muscle ^ ^ a n d ^  Trachea
1 10 'D E E V E D E D E
2 17 E E E V E D E E E
3 36 E E E E E E E E E
4 21 E E E V E DD E D E
5 19 E E E E . E D E DD E
6 16 E E E V E E E E E
7 35 D E E E E E E D E
8 31 E E E V E E E E E
9 23 E ■ E E E E E E E E
10 24 E E E V E E E D E
11 12 E E E V E D E DD E
12 25 E E E E E E E E E
Notes; E T issue examined, normal
D Degeneration (D -  s l ig h t ,  DD -  moderate, DDD -  severe) 
V V acuolisation
S e e  t e x t  f o r  d e t a i l e d  d e s c r i p t i o n s .
3*5 E ffe c ts  and in tera c tio n s  of feed in g  d ie ts  contain ing d if fe r e n t  
vitam in A and vitam in E concentrations to  CL AG hamsters (Exp. 12)
Exp.H  showed th at a le v e l  o f more than 40mg vitam in E per kg d ie t  
was required  to  prevent te s t ic u la r  and muscular degeneration in  male outbred 
ham sters. The present experiment was designed to  continue the in v e s t ig a tio n  
in to  the e f f e c t s  o f various concentrations o f vitam in A and vitam in E and the 
e f f e c t  o f the in ter a c tio n  o f th ese  v itam ins. Breeding performance was used  
as the main c r ite r io n , although body w eight was a lso  measured and t is s u e s  
were examined m icroscop ica lly .
MATERIALS AND METHODS
E ighteen male and eighteen  female CLAC hamsters aged 28 days were 
paired and fed  one o f 9 experimental d ie ts  w ith  d if fe r e n t concentrations o f  
vitam ins A and E, ad lib itu m . The f i r s t  part o f the experiment was planned 
as a repeat o f Exp. 11, w ith body w eight measured weekly and in crease  in  
body w eight determined over 35 ^ays; in  the second part th ese  same hamsters 
were allowed to  mature and reproduce a llow in g assessm ent o f breeding  
performance.
The p a irs o f hamsters were caged in  EKP RM2 cages w ith  sawdust and 
shredded paper as bedding and nestin g  m ateria l; husbandry and environment ' 
are described in  ’General M aterials and Methods1.
The b a s ic  com position of the sem i-p u rified  d ie t  i s  g iven  in  Tables 3 to  
.6. Aerated arach is o i l  was used as the fa t  source sin ce  i t  contains no 
vitam in A or vitam in E. >
In th is  fa c to r ia l  experiment 3 concentrations of vitam in A were 
used and 3 concentrations of vitam in E, d e ta ils  are given  below.
D iets  1 to  9
Vitamin A and vitam in E concentrations and combinations
Vitamin E Vitamin A (iu /k g )
(mg/kg) 500 5000 50000
20 1 4 7
(A1EL) (A2E1) (A3E l)
100 2 5 8
(A1E2) (A2E2) (A3E2)
500 3 6 9
(A1E3) (A2E3) (A3E3)
Observations
The fo llo w in g  observations were made, d e ta i ls  o f methodology are 
given in  ’General M aterials and Methods’ .
Body w eight : weekly to  Day 70 then :
bimonthly to  Day 210
Breeding performance : continuously
Autopsy : Day 200 fem ales
Day 214 males
At autopsy the hamsters were k i l le d  and the fo llo w in g  organs f ix e d  
in  10% buffered  form alin and processed for m icroscopic exam ination:- ey e , 
l iv e r ,  muscle (b icep s fem oris), t e s t i s  and trachea.
S t a t i s t i c a l  an a ly sis
The in crea ses  in  body weight measured over the two occasions were 
analysed by computer u sin g  a two-way a n a ly s is  o f varian ce, i s o la t in g  the 
v arian ces due to  vitam in A, vitam in E, the in ter a c tio n  o f vitam in A and 
vitam in E, and error .
Breeding performance was not analysed but mean r e s u lt s  are presented .
RESULTS
Individual r e s u lt s  are given in  Appendix A.
Body w eight
The mean weekly body w eights o f male and female hamsters fed  d ie t s  
1 to  9 36 days are given in  Tables 57 and 58 r e sp e c t iv e ly . The in crea se
in  body w eight was ca lcu la ted  and analysed over th is  p eriod . S ig n if ic a n t  
e f f e c t s  o f vitam in A, vitam in E and the in te r a c tio n  o f v itam in  A and v itam in  E 
were found in  fem ales (Table 60 ), but no e f f e c t  o f d ie t  was seen on male 
hamster growth (Table 59)* ®ie hody w eights o f female ham sters increased  
s ig n if ic a n t ly  in  r e la t io n  to  both the concentration  o f v itam in  A in  the d ie t  
and the concentration  o f vitam in E, except fo r  the low mean body w eight 
increase o f fem ales fed  d ie t  9* Females fed  d ie t  6 showed the la r g e s t  
in crease  in  body w eight over the 36 days. However i t  was pregnancy which 
was prim arily  resp on sib le  fo r  the in crease  in  body w eights observed in  most 
o f the fem ales.
When body w eights were analysed over 30 weeks no s ig n if ic a n t  e f f e c t s  
were observed (Tables 6l  to  64)
Breeding performance
A confusing p ictu re  emerged from the second part of t h i s  experiment
because no pups survived to  weaning.
Mean r e s u lt s  o f breeding performance fo r  hamsters fed  each of the  
9 d ie ts  i s  given in  Table 65 • The number of l i t t e r s  born per female ranged 
from 0.5 (d ie t  9) to  3*5 (d ie t  8 ) .  The mean number o f days on t e s t  before the 
f i r s t  l i t t e r  was born ranged from 37 (d ie ts  6 and 7) to  128 (d ie t  l ) .
Female ham sters fed  d ie t  7 produced the la r g e s t  mean l i t t e r  s iz e  o f 6 pups 
and those fed  d ie t  3 the sm allest, 1 .5  pups.
V/hen the cumulative breeding performance was considered (Table 66) the 
number o f l i t t e r s  born and the s iz e  o f l i t t e r  a t b ir th  increased  
p ro g ress iv e ly  w ith  in creasin g  concentrations o f v itam in A. Female hamsters 
fed  d ie ts  con ta in in g  500 mg/kg vitam in E produced the le a s t  l i t t e r s  o f the 
sm allest l i t t e r  s iz e .
Post mortem observations
A ll male hamsters survived the experiment in  apparent good h e a lth .
Three fem ale ham sters, No. 17 fed  d ie t  4> No. 2 fed  d ie t  6; No. 11 fed  d ie t  9 
were found dead, and the carcasses autolysed; a l l  other fem ale ham sters 
survived the experiment in  apparent good h ea lth . No abnorm alities were 
observed when the hamsters were examined m acroscopically  a t the end o f the 
experiment (Table s 67 and 68) *
The hamsters were fed  the experimental d ie ts  fo r  up to  30 weeks and 
even though no d ie t  was fr e e  of e ith er  vitam in, m icroscopic le s io n s  were 
observed in  some organs (Tables 69 ^ad 70) • S lig h t  t e s t ic u la r  degeneration  
as described in  Exp.El was observed in  5 o f  the 18 m ales, o f  th ese  4 occurred  
in  males given 20 mg vitam in E per kg d ie t .  The other male (No. 8) which 
showed te s t ic u la r  degeneration was given 500 nig v itam in E per kg d ie t  and 
only 500 iu  vitam in A per kg.
Muscular dystrophy was observed in  6 male and 4 female hamsters* 
Hamsters fed d ie t s  con ta in in g  20 mg vitam in E per kg d ie t  were most 
freq u en tly  a ffe c te d , p a r tic u la r ly  th o se ,fe d  d ie ts  contain ing 500 or 
50000 iu  vitam in A per kg. Three hamsters fed  d ie t  8 , conta in ing  100 mg 
vitam in E per kg and 50000 iu  vitam in A per kg a lso  showed s l ig h t  muscle 
degeneration as described in  Experiment E l.
Some v a cu o lisa tio n  o f the l iv e r s  as described in  Experiment A1 was 
observed, about 70% of the hamsters were a ffec te d .
DISCUSSION
In Experiment 11 over a short period d if fe r e n t d ie ta ry  con cen tration s  
of vitam in A and E had no e f f e c t  on the growth of male W0 ham sters. This 
was a lso  true in  th is  experiment u sin g  CLAC ham sters, however an e f f e c t  
was observed in  female hamsters* I t  was not a straight-forw ard  e f f e c t  on 
body w eight but r e f le c te d  the f e r t i l i t y  o f the female ham ster. Age a t  
puberty i s  normally quoted as between 45 to 60 days (UEAW, 1972) but th e  
youngest female to  g ive  b ir th  was 28 days at c o itu s  ( S e l le ,  1945); the  
g esta tio n  period i s  15-18 days (UFAW,'1972) w ith  the average len g th  b ein g  
shorter the younger the female (Soderw all, e t  a l , i 960) .  Thus those  
fem ales which had th e ir  f i r s t  l i t t e r s  on Day 37 would have been approxim ately  
49 days old  at mating, and th erefore the in crea sin g  w eight o f the fo e tu se s  
would e f f e c t  the fem ale’ s body w eight. The body w eights o f the fem ales  
increased in  r e la t io n  to  both the concentration  of vitam in A and v itam in  E 
in  the d ie t .  Low concentrations o f both vitam ins were th erefore  a sso c ia te d  
w ith reduced f e r t i l i t y .
This e f f e c t  on female body weight was not evident a t the end 
of the experim ent.
As w ith  increases in  female body w eight, breeding performance 
was broadly re la ted  to  in creasin g  vitam in A con cen tration s, however lOOmg 
vitam in E per kg d ie t (E2) appeared to  be the optimum le v e l  i f  the number 
of l i t t e r s  born and the number of days on t e s t  before the f i r s t  l i t t e r  i s  
born are th e c r it e r ia  used . But 'the mean l i t t e r  s iz e  a t b ir th  and on day 5 
was greater for  female hamsters fed  the 20 mg vitam in E per kg d ie t  (E1)
When considering in d iv id u a l d ie t s ,  d ie t  7 (A3 E1) seemed to  be the 
optimum d ie t  in  th is  experiment w ith the sh ortest period on t e s t  before  
the f i r s t  l i t t e r ,  and the la r g e s t  l i t t e r  s iz e  a t b ir th  and on day 5*
D iet 4 (A2 E1) gave s l ig h t ly  in fe r io r  r e s u lt s  and d ie t  8 (A3 E2) gave the  
la r g e s t  numbers o f l i t t e r s  born per fem ale.
S u ccessfu l reproduction in  the female a lb in o  ra t has been reported  
to  be m odified by the le v e l  of v itam in E supplem entation (Evans & Burr, 
1927), and by vitam in A supplementation severa l tim es h igher than the  
le v e l s  used in  th is  experiment (Giroud & M artinet, 1954)* Increased  
vitam in E has been reported to  be necessary for  older anim als, but no 
q u a n tita tiv e  data was given (O lcott & M a tt i l l ,  1934)* The recommended 
le v e l  o f vitam in A for  the laboratory ra t i s  s ta ted  by the N ational Academy 
of Sciences (1972) to  be 12 iu /g  o f d ie t .  In the present in v e s t ig a t io n ,  
le v e l s  o f vitam in A supplementation were 0*5, 5> 50 iu /g  o f d ie t  and
improvement in  reproductive performance was observed w ith  in crea sin g  
supplem entation.
The vitam in E requirement o f the laboratory  r a t  during pregnancy as 
given by the National Academy of S cien ces (1972) was 30 mg/kg d ie t .
This was based on the observations o f Evans & Emerson (1943) ^nd 
confirmed by Ames (1974) th at a le v e l  of 0.75nig o f d l-a lp h a-tocop h erol 
a ceta te  fed  s ix  tim es weekly was required for normal reproduction in  
older female r a t s .  In the present experiment a le v e l  o f lOOmg/kg 
appeared to be optimum for  the hamster.
No apparent in ter a c tio n  of these vitam ins a t the concen trations  
used was observed except p o ssib ly  a t the h igh est concentrations o f both  
vitam ins. The hamsters fed  the d ie t  with the g rea test con cen tration s o f  
vitam ins A & E showed a n oticeab ly  reduced breeding performance. T h is, 
however could ju s t  have been a chance observation because o f the sm all 
number o f animals fed  each d ie t , and i t  w i l l  require fu rth er  in v e s t ig a t io n
Once again , in  the experiment described here no l i t t e r s  were 
weaned as in  Experiments A1 & E1 and th is  makes in ter p r e ta tio n  o f the  
r e s u lt s  d i f f i c u l t .
T a b le  5 7  E f f e c t s  an d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A end vitam in E concentrations to  CLAC hamsters on 
mean male body w eights (g) to  .day 55
D ie ts  1 to  9 described in  t e x t .
D iet 1 2 3 4 5 6 7 8 9
Day
0 53 61 58 61 56 62 58 59 58
7 66 73 71 77 69 73 72 72 73
14 75 80 83 86 77 80 79 80 84
21 78 81 88 92 80 82 86 85 90
28 .79 84 93 95 80 87 90 89 91
35 81 86 98 100 87 92 100 97 95
T a b le  5 8 E f f e c t s  and i n t e r a c t i o n s  o f  f e e d in g  d i e t s  c o n t a in in g  d i f f e r e n t
vitam in A and vitam in E concentrations to  CLAC hamsters on
mean female body weight s (g) to day 21
D iets  1. to  9 described in te x t
D iet 1 2 5 4 5 6 7 8 9
Day
0 57- 58 56 56 55 64 58 59 57
7 59 62 68 65 69 79 70 66 69
M 61 67 85 71 79 95 79 71 71
21 65 75 89 76 82 102 85 72 67
28 71 76 90 82 91 109 82 75 65
55- 70 85 95 79 96 117 98 94 75
T a b le  5 9  E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentrations to  CLAC hamsters on 
mean in crease  in  male body w eights (g) over 56 days
D ie ts  described in  te x t
Vitamin conc. A1 A2 A3
El 28 39 42
E2 26 31 38
E3 40 31 37
A nalysis o f variance
Source DF ss MS I P
Vitamin A 2 185-33 92.66 2 .20 NS
Vitamin E 2 81.33 40.66 0 .9 7 NS
In tera ctio n 4 280.33 70.08 1 .66 NS
Error 9 379-00 42.11
Total 17 926.00
NS ■ N o t  s i g n i f i c a n t .
T a b le  6 0  E f f e c t s  an d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
v i t a m i n  A a n d  v i t a m i n  E c o n c e n t r a t i o n s  t o  CL AC h a m s t e r s  o n
m ea n  i n c r e a s e  i n  f e m a le  b o d y  w e i g h t s  ( g )  o v e r  3 6  d a y s
D iets
'i
described in  t e x t .
Vitamin
Concentration - A1 A2 A3
El 15 24 40
E2 25 43 36
E3 38 34 16
A nalysis o f variance
Source DF SS MS p P
Vitamin A 2 691.00 - 345.50 11 .09 < 0.001
Vitamin E 2 366.33 183.16 5*88 < 0.05
In tera ctio n 4 1812.66 453-16 14 .54 <■0.001
Error 9 280.50 31.16
Total 17 3150.50
VT a b le  6 l  E f f e c t s  and i n t e r a c t i o n s  o f  f e e d in g  d i e t s  c o n t a in in g  d i f f e r e n t
v i ta m in  A and v i ta m in  E c o n c e n t r a t io n s  t o  CLAC h a m ste r s
mean male body w eights (g) from day 42
D iets 1 to  9 described in  t e x t .
D iet 1 2 :5 4 5 6 7 8 9
Day
42 82 93 102 101 92 98 112 105 101
49 90 102 109 105 98 101 117 110 106
56 . 96 108 i l l 107 103 102 122 114 111
63 102 110 114 111 103 102 126 117 114
70 107 114 118 . 114 105 105 131 119 117
84 112 119. 119 119 109 111 134 126 123
98 115 121 127 121 112 118 139 127 128
112 120 124 130 121 116 120 142 126 131
126 121 125 129 129 119 124 I 46 134 136
140 126 0NA 
1—1 131 132 121 124 148 137 135
134 128 127 132 129 124 125 149 134 132
168 128 136+ 134 129 122 125 150 133 132
182 126 140+ 134 129 123 127 151 131 131
196 122 137+ 133 126 125 127 148 132 133
210 124
+1—
1 137 126 127 127 148 131 133
+ only 1 animal.
T a b le  6 2 E ffe c ts  and in ter a c tio n s  of feed in g  d ie ts  con ta in in g  d if fe r e n t  
vitam in A and vitam in E concentrations to CL AC hamsters 
mean female body w eight ( g )  from day 42
D iets  1 to  9 described in  te x t
D iet 1 2 3 4 5 6 7 8 9
Day
42 79 85 100 84 90 95 90 81 74
49 73 78+ 99 86 97 95 92 86 89
84 94 79+ 105 89 109 113 105 92 85
112 82 82+ 113 88 112 106 108 95 86
140 79 79+ 104 105+ 112 107 109 97 86+
168 84
+O
N
00 111 105+ 105 105 106 97 89+
196 83 87+ 112 103+ 110 101 105 97 88+
+ only 1 animal
T a b le  63 E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentrations to  CLAC hamsters on 
mem increase in  male body w eight (g)  over 211 days
D iets  described in  te x t
Vitamin conc. A1 A2 A3
El 71 65 90
E2 75+ 71 72
E3 79 65 75
+ 1 animal only
A nalysis of variance
Source DF SS MS F P
Vitamin A 2 448.00 224.00 1.02 NS
Vitamin E 2 31.00 15.50 0 .07 NS
In teraction 4 452.00 113.00 0.52 NS
Error 8 1751.50 218.93
T otal 16 2682.50
NS N ot s i g n i f i c a n t .
T a b le  64  E f f e c t s  and i n t e r a c t i o n s  o f  f e e d in g  d i e t s  c o n t a in in g  d i f f e r e n t
vitam in A and vitam in E concentrations to  CLAC hamsters on
mean increase in  female body w eight (g) over 197 days
D ie ts  described in  te x t
Vitamin conc. AL A2 A3
El 47 44+ 46
E2 28+ 57 39
E3 57 38 3 l+
+ 1 animal only
A nalysis o f variance
Source DP SS MS P P
Vitamin A 2 194*11 97.05 0 .2 3 NS
Vitamin E 2 67*44 33.72 0 .0 8 NS
In te r a c ti on 4 1379*55 344*88 0 .8 3 NS
Error 6 
Total 14
2500.00
4i 4i . l l
416.66
NS N ot s i g n i f i c a n t .
T a b le  65 E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentr a t i  ons to CLAC hamsters on
breeding performance
D ie ts  1 to  9 described in  te x t
D iet 1 2 3 4 5 6 7 8 9
No* of fem ales 2 2 2 2 2 1 2 2 2
Mean No. l i t t e r s  
born/fem ale 1 2 1 2 1 .5 2 1 .5 3-5 0 .5
Mean No. days on 
t e s t  before 1 s t  
l i t t e r  born
128 44 66 43 50 37 37 46 49
Mean l i t t e r  s iz e  
Day 0 2 .5 3 .8 1-5 4-5 2 .3 3.5 5 .7 3 .9 5 .0
Day 5 ' 1 0 .5 0 0.25 0 0 1 .7 0 . 9 0
Day 21 0 0 0 0 0 0 0 - 0 0
V ia b il ity  
Index (%)
40 13 0 6 0 0 29 22 0
L actation  
Index (%)
0 0 0 0 0 0 0 0 0
E f f e c t s  an d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentrations to  CLAC ham sters on 
cumulative “breeding performance
Vitamin concentrations described  in  te x t
Vitamin conc. Al A2 A3 El E2 E3
No. of females 6 5 6 6 6 5
No. of l i t t e r s  born 8 9 11 9 14 5
Mean No. days on t e s t  
before 1 s t  l i t t e r
+oCD 44 45 69 46 51+
Mean l i t t e r  s iz e  
Day 0 2 .9 3 .6 4-5 4 .4 5.5 3 .0
Day 5 0 .5 0 .1 1 .2 0 .9 0 .6 0
Day 21 0 0 0 0 0 0
+ Excluding fem ales w ith  0 l i t t e r s
T a b le  6 7  E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentrations to CLAC ham sters;
Autopsy : macroscopic observations, males
D ie ts  1 to  9 described in  te x t
D iet Hamster No. Observation
1 3 , 18 NAD
2 ,6 ,  15 NAD
3 8 , 16 NAD
4 7, 17 NAD
5 3, 13 NAD
6 2, 10 NAD
7 4, 12 NAD
8 9, 14 NAD
9 1 , 11 NAD
NAD No abnorm alities detected
T a b le  6 8  E f f e c t s  an d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentrations to  CLAC hamsters;
Autopsy : macroscopic observations, fem ales
D iets  1 to  9 described in  te x t
D iet Hamster No Observation
1 5 , 18 NAD
2 6, 15 .NAD
3 8, 16 NAD
4 7 ' NAD
5 3, 13 NAD
6 10 NAD
7 4, 12 NAD
8 9, 14 NAD
9 1 NAD
Post mortem fin d in gs on other fem ales
D iet 4 No. 17 Pound ■ acutelysed, day 138
D ie t 6 No. 2 Pound autolysed , day 48
D ie t 9 No. 11 Pound autolysed , day 129
NAD No abnorm alities d etected .
T a b l e  69 E f f e c t s  an d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentrations to CLAC ham sters:
Autopsy : m icrsocopic observations, males
D ie ts  1 to  9 described in  te x t
D iet HamsterNo. Eye Liver Muscle T estis Trachea
1 5 E V D D E
2 6 E V E E E
3 8 E Y E D E
4 7 E E E E E
5 3 E V D/R E E
6 2 E V E E E.
7 4 E E E D E
8 9 E Y D E E
9 1 E E E E E
1 18 E Y D D E
2 15 E Y E E E
3 16 E E, E _E E
4 17 E V D E E
5 1.3 E E E E E
6 10 E Y E E E
7 12 E V E DD E
8 14 E • Y D E E
9 11 E Y E E E
Notes : E Tissue examined, normal
D Degeneration (D -  s l ig h t ,  DD -  moderate) 
R Rowing (R -  s l ig h t ,  RR -  moderate)
V V acu olisation
S e e  t e x t  f o r  d e t a i l e d  d e s c r i p t i o n s .
T a b le  7 0  E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g  d i f f e r e n t
vitam in A and vitam in E concentrations to  CLAC ham sters: 
Autopsy ; macroscopic observations, fem ales
D iets 1 to 9 described in  te x t
D iet HamsterNo. Eye Liver Muscle Trachea
1 5 E E D E
2 6 E Y B E
3 8 E V E E
4 7 E E E E
5 3 E E E E
6 2 - - - -
7 4 E V D E
8 9 E E D E
9 1 E Y E E
1 . 18 E V D . ' E
2 15 E V E E
. 3 16 E E E E
4 -17 - - - -
5 13 E V E E
6 10 E E E E
7 12 E V E E
8 14 E V E E
9 11 - - - -
Notes ; E Tissue examined, normal
Tissue not examined
-  D Degeneration (D -  s l ig h t ,  DD -  moderate) 
Y V acuolisation
S e e  t e x t  f o r  d e t a i l e d  d e s c r i p t i o n s .
3 * 6  E f f e c t s  o f  f e e d i n g  d i e t s  w i t h  d i f f e r e n t  t y p e s  o f  o i l s  t o
CLAC hamsters (Exp. 01)
The previous experiments in to  the requirement o f  v itam in A and E 
were in co n c lu siv e  when reproductive performance was the c r ite r io n  used .
This was because the female hamsters fed  sem i-p u rified  d ie t s ,  ir r e sp e c t iv e  
o f the vitam in concen trations, could not m aintain th e ir  pups through to  
weaning. In the three experiments where breeding performance was measured 
(Experiments A l, El and 12) the v ia b i l i t y  index ranged from 0 to  55 percent, 
compared w ith an average of about 40% fo r  con tro l d ie ts ;  in  con trast the 
la c ta t io n  index was 0% in  almost every case .
In  tr y in g  to  exp la in  the reason for  th is  fa i lu r e  during la c ta t io n  
another fa c to r  which occured in  a l l  experiments -  the fa t ty  in f i l t r a t io n  of 
the l i v e r ,  was considered.
One p o ss ib le  explanation was a disturbance in  f a t  m etabolism . Eat or 
o i l  i t s e l f  improves the p a la ta b il ity  o f food and i s  a ca rr ier  o f fa t - s o lu b le  
vitam ins, and some o f the fa t ty  acids in  natural f a t s  are e s s e n t ia l  (EFA).
Eat d e fic ien cy  in  the growing ra t (Burr & Burr, 1929» 1930) I s 
ch aracterised  by a reduction  in  growth, sca ly  sk in , a rough, th in  h a ir  co a t, 
n ecro sis  o f the t a i l ,  kidney damage, and eventual death. Furthermore, 
fem ales m an ifest irregu lar  oestru s, prolonged g e s ta tio n , frequent reso rp tio n s , 
d i f f i c u l t  and prolonged p a rtu r itio n , poor l i t t e r s  o f low v i a b i l i t y ,  and 
reduced la c ta t io n ;  and spermatogenesis i s  impaired in  the male (A aes- 
J or gen sen, e t  a l , 195&; Deuel, 1957» D euel, e t a l , 1950;1954)« Thus, the  
e f f e c t s  on reproduction were sim ilar  to  those observed in  our previous  
experim ents. However, the d efic ien cy  syndrome i s  not commonly produced in  
adult r a t s .
Fat has lon g  been known to stim ulate la c ta t io n  (Maynard & McCay, 1929?
McCay & Maynard, 1931; Maynard & Rasmussen, 1942). L o o s li, e t  a l (1944) 
observed improved la c ta t io n  performance o f r a ts  on d ie ts  contain ing corn o i l ,  
as compared w ith animals on a f a t - f r e e  d ie t  or on one contain ing hydrogenated 
coconut o i l ,  and th is  might be in terp reted  as being re la ted  to  the in take  
o f e s s e n t ia l  fa t ty  a c id s .
Withdrawal o f EFA from the d ie t  induces d e fic ien cy  symptoms, such as 
dim inished growth, skin le s io n s  and impaired rep rod u ctiv ity  (Holman, 1968;
1970)• Arachidonic, l in o le ic  and l in o le n ic  acid , in  decreasing order, 
stim ulate growth in  r a ts  p rev iou sly  fed  a fa t - fr e e  d ie t  (Mohrhauer & Holman, 
1963) .  Greenberg,jet_al(1950) demonstrated th at growth in  r a ts  was d ir e c t ly  
r e la ted  to  the intake of l in o le a te  in  animals fed  otherw ise id e n t ic a l d ie t s .  
Reproduction i s  sa tis fa c to r y  when r a ts  are fed  at a le v e l  equ iva len t to  th at  
required fo r  growth; la c ta t io n , however, req u ires more than 80 mg l in o le a t e  
per day (D euel, e t  a l , 1930-5 1954; Quackenbush, e t  a l , 1942)
A q u a lita t iv e  requirement fo r  EPA has been shown fo r  ham sters.
D efic ien cy  symptoms include a lo p ec ia , sca ly  sk in , abnormal sk in  t ig h tn e s s ,  
and a profuse secretio n  o f cerumen (C hristensen & Dam, 1953)* The d e fic ie n c y  
signs were prevented by the in c lu s io n  o f 10% la rd  or a l in o le i c  acid  supplement 
in  the d ie t .  Sem ipurified d ie ts  contain ing 3 -  10% fa t  as corn o i l ,  la r d  or 
cottonseed o i l  have been used su c c e ss fu lly  in  growth s tu d ie s . (A rrington, 
e t_ a l, 1966; Granados, 1951 5 Hamilton & Hogan, 1944> S a lley  & Bryson, 1957)* 
Soderwall & Smith ( I 962) reported a b e n e f ic ia l e f fe c t  o f wheatgerm o i l  on 
pregnancies in  female ham sters. The authors explained the e f f e c t  as b ein g  
due to  increased  vitam in E, but the o i l  a lso  contains a high percentage of 
l in o le a t e .
The experiment described in  t h is  sec tio n  was designed to  in v e s t ig a te  
the e f f e c t s  o f 3 o i l s  on growth and breeding. Arachis o i l  was s e le c te d  
because i t  contains moderate amounts o f l in o le ic  acid and was the parent
o i l  to  the second o i l  te s te d , aerated arach is o i l .  Aerated arach is o i l  
was used in  two o f the experiments where breeding was a ffec ted  and the 
e f f e c t  o f  aeration  on EFA was questioned . T hirdly, sunflowerseed o i l  
was used because of i t s  sim ilar com position to  wheat germ o i l  and i t s  
a v a i la b i l i t y .  These sem i-purified  d ie t s  were compared to  the conventional 
FRD d ie t .
MATERIALS AND METHODS
Twenty male, and twenty female CLAC ham sters, aged 21 days a t the 
s ta r t  o f the experiment, were used . F ive p a irs  per group were fed  one 
o f three experim ental d ie t s ,  varying only in  the type of o i l  used . A 
fourth  group was fed powdered Labsure's FED d ie t  (D iet F4) •
The p a irs  o f hamsters we re caged in  KKP RM2 cages w ith  sawdust and
woodwool as bedding and n estin g  m aterial; husbandry and environment are
described in  'General M aterials & M ethods'.
The b a s ic  composition of the experim ental d ie ts  i s  g iven  in  Tables 
3 to  6. The o i l  used was varied as follow ed:
D iet Oil
FI Arachis o i l
F2 Aerated arachis o i l
F3 Sunflowerseed o i l
Observations
The fo llo w in g  observations were made, d e ta ils  o f methodology are 
given in  'General M aterials & Methods' :
Body weight : weekly
Breeding performance : continuously to  day 56
S t a t is t ic a l  a n a ly s is
Weekly body w eights were analysed by computer u sin g  a one-way 
an alysis  o f varian ce.
Breeding performance was not analysed but mean r e s u lt s  are presented . 
RESULTS
Ind iv id ual r e s u lt s  are given in  Appendix A.
Body weight
The in c lu s io n  o f the d if fe r e n t types of fa t  in  the d ie t s  had no
e f fe c t  on the body w eights o f male (Table 71) or female (Table 72) ham sters.
Breeding performance
The n a tu re-o f the d ie t  made no apparent d ifferen ce  to  the mean 
number of l i t t e r s  born per female or to the mean number o f days on t e s t
before the f i r s t  l i t t e r  was bom  (Table 73)* However l i t t e r  s iz e s  a t b ir th
and at weaning did d if fe r  between the d ie t s .  Female hamsters fed  d ie t  F2, 
contain ing aerated arach is o i l  produced fewer pups per l i t t e r  than fem ales  
fed  e ith e r  d ie t  FI, contain ing arachis o i l  or d ie t  F3 con ta in in g  sunflow erseed  
o i l .  Hamsters fed  the la t t e r  two d ie ts  produced sim ilar  numbers o f pups per 
l i t t e r .  Female hamsters fed  the conventional PRD d ie t  averaged 7 pups per 
l i t t e r  a t b ir th , which was more than any o f the other d ie t s .
A fter 21 days however, a l l  the pups o f fem ales fed  e ith e r  d ie t s  FI or 
F2 had d ied . The preweaning m orta lity  on d ie t  F3 was 80% and than on the  
conventional d ie t  was 50%.
In general, the pups from fem ales fed  the experim ental d ie t s  died  
before day 5 and th erefore gave a low v ia b i l i t y  index. The d ie t  
contain ing sunflowerseed o i l  was s l ig h t ly  the b e tter  o f the three  
experim ental d ie ts  with a v ia b i l i t y  index o f about 30%. The v ia b i l i t y  
index fo r  pups on d ie t  F4 was 75%*
The success of the fem ales in  rearin g  th e ir  young was measured by 
the la c ta tio n  index, and th is  was greater  fo r  d ie t  F3 (sunflow erseed o i l )  
than fo r  the conventional d ie t .  No pups survived on e ith e r  d ie t  FI or 
d ie t  F2.
DISCUSSION
In th is  experiment d ie t s  w ith  d if fe r e n t  f a t s  fed  a t a concen tration  
of 6% o f the d ie t  had no e f f e c t  on body w eigh t. The average w eigh ts on 
a l l  three sem i-purified  d ie ts  were greater than those o f the conventional 
colony (see  a lso  Appendix B ). The d ie ts  th erefore are compatible w ith  
normal growth and in  th at resp ect are s im ila r  to  the d ie t s  reported  in  the  
l i t e r a tu r e  (Granados, 1951? S a lle y  & Bryson, 1957)*
R esu lts on breeding performance suggest th a t sunflowerseed o i l  i s  
b e n e fic ia l to  breeding CLAC ham sters. No pups were bom  to  fem ale 
hamsters fed arachis o i l ,  or aerated arch is o i l .  The la t t e r  was EFA and 
vitam in E d e f ic ie n t  ( j .  R ivers, personal communication, 1978) and the number 
of pups weaned on the d ie t  contain ing sunflowerseed o i l  was s t i l l  only a 
th ird  o f those weaned from fem ales fed  the conventional d ie t .  However the  
la c ta t io n  index was greater  for  the d ie t  contain ing  sunflow erseed o i l  than  
the conventional d ie t ,  but the former had a very much lower v i a b i l i t y  in d ex .
Whether the low v ia b i l i t y  index of the sem i-p u rified  d ie ts  i s  
due to  the polyunsaturated fa t ty  acid content o f th ese d ie ts  i s  not 
known. However an increase in  d ietary  PUFA le a d s  to  increased  l ip id  
p eroxidation  and hence to  a more rapid d ep le tio n  o f v itam in E, which 
could account fo r  the poor reproductive performance. H arris and Embree 
(1963) summarised-much of the relevant inform ation on the q u a n tita tiv e  
asp ects  o f the r e la t io n sh ip  between d ietary  fa t  s tr e s s  and the vitam in E 
requirem ents o f d if fe r e n t sp ec ies  and suggested em p ir ica lly  th at 
approxim ately 0.6mg d-ot-tocopherol was necessary  to  p ro tec t aga in st the  
e f f e c t  of l g  d ie ta ry  FUEA. According to  t h is  the d ie t s  used should have 
been adequate. This suggests that some other fa c to r  i s  involved  in  the  
poor la c ta t io n .
T a b le  71  E f f e c t s  o f  f e e d i n g  d i e t s  w i t h  d i f f e r e n t  t y p e s  o f  o i l  t o  CLAC
hamsters on male body w eights (g ) , mean 1 SD
D iet FI -  +Arachis o i l
D iet F2 -  +Aerated arachis o i l
D iet F3 -  -fSunflowerseed o i l
D iet F4 -  PRD
Day
D ie ts
FI F2 F3 F4
0 36.2±0.8 36.6±1.5 37-4^1-5 33-2±1 .4
7 57*8i ).9 58.6I1.5 59.oll.9 55.2I2.0
14 78.0±1 . 9 77.2+2.3 77.4±2 .9 73.8+2.9
21 88.613.1 89.413-0 88.ol2.7 85.613.6
28 96.6±3.8 95.0I3.3 94.413.3 91.8I5.I
35 'l02.ol3.8 101.213.0 100.6+3.1 96.2+3 .7
42 107.414.0 108.0+3.8 105.213.8 102.813.9
49 112.6±4*9 II3.2I5.8 112.214.0 IIO.4I4.8
56 117.215.9 116.817.2 117.014.5 114.4+5.4
No s t a t i s t i c a l  d i f f e r e n c e
T a b le  7 2  E f f e c t s  o f  f e e d i n g  d i e t s  w i t h  d i f f e r e n t  t y p e s  o f  o i l  t o
CLAC h a m s t e r s  o n  f e m a le  b o d y  w e i g h t s  ( g ) »  m ean  1  SD
D iet FI -  +Arachis o i l
D iet F2 -  +Aerated arach is o i l
D iet F3 -  -f-Sunflowerseed o i l
D iet F4 -  PRD
Day
D ie ts
FI F2 F3 F4
0 32. 6*1 .6 34.3*1-9 37 .6*1 .5 34. 6* 0 .9
7 51. 0- 2 .9 55.0*2 .2 58 .2*2 .6 55 . 2* 1 .1
14 70.0*4.5 72. 8*4 .5 77 .2*3 .4 75.0*  1 .7
21 . 80.4*5.1 85. 0*5 .5 9 1 .213 .4 88. 4!  2 .5
28 89. 415.6 91.615 *6 1 01 .613 .7 97 .8*  5 .9
35 98. 2*6 .9 98. 214.5 109 .2*4 .0 101. 6* 3 .7
42 103. 4- 2 .8 114. 8*2 .7 116 .2*5 .5 114. 6* 5 .1
49 108.2+4.6 104 .616 .4 110 .4*6 .1 109 .01  7 .6
56 115. 8*8.1 I I 6 . 4I 8 .O 116.6*5*9 111. 6*13 .1
No s t a t i s t i c a l  d if fe r e n c e
T a b le  7 3  ■ E f f e c t s  o f  f e e d i n g  d i e t s  w i t h  d i f f e r e n t  t y p e s  o f  o i l  t o
CLAC hamsters on breeding performance
D iet FI -  +Arachis o i l
D iet F2 -  +Aerated arachis o i l
D iet F3 -  +Sunflowerseed o i l
D iet F4 PRD
D iet
FI F2 F3 F4
No. o f fem ales 5 5 5 5
Mean No. l i t t e r s  
born/fem ale/
8 weeks 1 .2 1 .0 1 .2 1 .2
Mean No. days on 
t e s t  before 1 s t  
l i t t e r  bom 49 47 45 48
Mean l i t t e r  s iz e  
Day 0 4-7 2 .8 4 .5 6 .8
Day 5 0.5 0 .2 1 .3 5 .2
Day 21 0 0 1 .0 3 .5
V ia b il ity  index (%) 10*7 7.1 29 .6 75.6
la c ta t io n  index (%) 0 0 75.0 67.7
3 * 7  E f f e c t s  o f  s u p p le m e n t in g  s u n f l o w e r s e e d  o i l  w i t h  m e t h y l  l i n o l e n a t e
or methionine in  the d ie t  of CLAC hamsters (Exp. 02)
Experiment 01 showed improved.breeding performance o f CLAC hamsters 
when fed  a semi—p u rified  d ie t  contain ing sunflow erseed o i l .  The r e s u lt s  were 
only p a r t ia l ly  su ccessfu l sin ce  performance did not equal th at o f the animals 
on the conventional d ie t .  A subsequent experiment was th erefore designed to  
t e s t  the e f f e c t  o f supplementation of the sunflowerseed o i l  d ie t  w ith  methyl 
lin o le n a te  or methionine in  an e f fo r t  to  fu rther improve breeding performance.
L i t t l e  inform ation has been published, e sp e c ia lly  regarding breeding, 
on the p ro te in  or amino acid requirements o f ham sters. However by studying  
p u rified  d ie t s  that appear to be adequate, one can in fer  th at a d ie t  contain ing  
16 to  24% ca se in  i s  sa tis fa c to r y  fo r  growing hamsters (A rrington, e t  a l , 1966; 
E rshoff, 1956; Granados, 1951; Hamilton & Hogan, 1944; S a lle y  & Bryson, 1957)* 
The p ro te in  requirements for reproduction and la c ta t io n  in  the ra t have been 
reviewed by R u sse ll (1948) and le v e l s  o f 17 to  20% are concluded as b ein g  
adequate. The amino acid requirements of r a ts  fo r  la c ta t io n  have been studied  
briefly .-N elson  & Evans (1958) reported th at the sulphur-amino acid  requirement 
was 1% o f the d ie t ,  one h a lf  of which could come from c y s t in e . Since there  
was no other in d ica tio n  of the m ethionine requirement o f the hamster a small 
supplement (0 .2 g /k g  d ie t)  was given  in  th is  experim ent.
Soderwail & Smith (1962) reported the b e n e f ic ia l  e f f e c t  o f wheat germ 
o i l  on hamster pregnancies. The major d ifferen ce  between wheat germ o i l  and 
sunflowerseed o i l  i s  the l in o le n ic  acid  content, which i s  about 10% o f the 
former and l e s s  than 1% of the la t t e r .
The r o le  o f l in o le n ic  acid was te s te d  by adding 0*4g/kg d ie t .
L in o le ic  and lin o le n ic  acids can be converted to  arachidonic acid  
(Turpeinen, 1938; R eiser, e t  a l , 1951) &nd a l l  three can counteract fa t ty
acid d e fic ien cy  symptoms in  the rat* The potency of l in o le i c  and 
l in o le n ic  acid s i s  sa id  to  be about equal (Burr & Burr, 1930) other 
workers d isagree w ith  the o r ig in a l observations. Hume and co lla b o ra to rs  
(1938) s ta te  th a t l in o le n ic  acid  has only o n e-six th  o f the potency of 
l in o le i c  ac id . However more recen tly  Greenberg, e t  a l , (1950) reported  
th at l in o le n ic  a c id , when given alone, did not res to re  growth in  f a t -  
d e f ic ie n t  r a ts ; .b u t  when adm inistered w ith  l in o le ic  ac id , the e f f e c t  of 
l in o le n ic  acid  appeared to  be equivalent to  th at o f l in o le i c  a c id , and the 
e f f e c t s  of the two acids were a d d itiv e .
The hamsters from Experiment 01 were used in  th is  experiment because 
of r e s tr ic t io n s  on tim e. The hamsters were fed  th e ir  previous d ie t  where 
p o ss ib le . I t  was accepted th at the previous n u tr it io n  o f the hamsters may 
have a ffec te d  the r e s u lt s  but i t  seemed worthwhile to  try  to  e lu c id a te  
the fa t ty  acid  requirement of Syrian ham sters.
MATERIALS AND~ METHODS
The d ie t s  o f twenty male, and twenty female CLAC ham sters 
previou sly  used fo r  Experiment 01 were changed a fte r  8 weeks. F ifte e n  
p a irs  of animals were fed  one of three experim ental d ie ts  and a fu rther  
group was fed  powdered PRD d ie t  {Labsure Animal Foods) (D iet F4) • Where 
ever p o ssib le  the p a irs of hamsters were maintained on a d ie t  s im ila r  to  
the one fed  in  Experiment 01 .
The b a sic  com position of the experimental d ie t s  i s  g iven  in  Tables 3 
to  6 . The d e ta ils  o f the d ie t  and how the d ie t s  were changed are g iven  
below.
D iet  
F2
F3A -  
F3B -  
F4
E xp . 01
D iet F1 became 
D iet F2 remained D iet F2 
D iet F.3 became D iet F3B 
D iet F4 remained D iet F4
The methionine was added at the ra te  of 2g per kg d ie t  and the methyl 
lin o le n a te  a t 4g per kg d ie t .  P a ir in g s, caging and husbandry ramained the  
same.
Observations
The fo llo w in g  observations were made," d e ta i l s  of methodology are 
given in  G eneral M aterials and Methods1.
Body w eight : weekly
Breeding performance : continuously to  day 63 .
S t a t i s t ic a l  an a ly sis
Weekly body w eights were analysed by computer u sin g  a one-way 
a n a ly s is  of variance.
Breeding performance was not analysed but mean r e s u lt s  are presen ted .
V ariation
+Aerated arachis o i l  
+Sunflowerseed o i l  + m ethionine 
+Sunflowerseed o i l  + methyl lin o le n a te  
PRD
Exp. 02 
D iet F3A
RESULTS
In d iv id u a l r e s u lt s  are g iven  in  Appendix A.
Body w eight
There was no d ie tary  e f f e c t  on the body w eight o f males (Table 74) > 
but the body w eight of fem ales (Table 75) fed  d ie t  F4 was c o n s is te n t ly
low er, and s ig n if ic a n t ly  so a fter  7 weeks* No other d if fe re n c e s  were 
observed.
Breeding performance
No d ifferen ce  was seen between fem ales fed  the sem i-p u rified  d ie t s
number o f l i t t e r s  produced by fem ales fed  the conventional d ie t  was g rea ter . 
This was true both a t b ir th  and a t weaning.
Of the sem i-pu rified  d ie t s ,  d ie t  F3A produced the la r g e s t  l i t t e r  
s iz e  a t b ir th  and d ie t  F3B ‘khe la r g e s t  l i t t e r  s iz e  a t weaning. D ie ts  
contain ing sunflowerseed o i l  (d ie ts  F3A & F3B) gave the g r ea te s t  v ia b i l i t y  
index. The index for  the conventional d ie t  (F4) and d ie t  F2 was s im ila r . 
However, the la c ta t io n  index showed th e fo llo w in g  ord er:- d ie t  F4 (PRD)> 
F3B>F3A>F2.
DISCUSSION
An o v e ra ll improvement in  breeding performance was observed w ith  a l l  
d ie ts  used in  t h is  experiment, in clu d in g  the conventional d ie t .  Foote (1954) 
found a s im ila r  e f f e c t  in  h is  colony o f ’normal* hamsters w ith  l i t t e r  s iz e  
in creasin g  from 5«7 ( f i r s t  pregnancy) to  rJ»2 (fou rth  pregnancy) but 
Soderwall, e t  a l , ( i 960) found no v a r ia tio n .
with r e sp ec t to  the mean number o f l i t t e r s  born
I Table  J b ) 
•H o w ev er , the
In add ition  to  the general improvement in  breeding performance 
both supplements to  the sunflowerseed o i l  increased the number o f pups 
weaned. The add ition  o f  methionine increased  the l i t t e r  s iz e  a t b ir th , 
markedly improved the v ia b i l i t y  index and s l ig h t ly  improved the la c ta t io n  
index. Methyl lin o le n a te  a lso  markedly improved the v ia b i l i t y  index but 
the la c ta t io n  index was decreased. The number o f pups weaned on the  
d ie t  contain ing sunflowerseed o i l  and lin o le n a te  was greater than fo r  the 
d ie t  w ith  sunflowerseed o i l  and m ethionine.
The improvement in  breeding performance w ith sunflowerseed o i l  p lu s  
e ith er  methionine or methyl lin o le n a te  appears to  be v ia  an improvement in  
the n u tr it io n  of the pups in  u tero  and further work to  in crease  su rv iv a l 
of pups greater than 5 days of age i s  required . The f i r s t  step would be 
to  combine supplements of m ethionine and lin o le n a te  in  the same d ie t .
T a b le  7 4  E f f e c t s  o f  s u p p le m e n t in g  s u n f l o w e r s e e d  o i l  w i t h  m e t h y l  l i n o l e n a t e
o r  m e t h i o n i n e  i n  t h e  d i e t  o f  CLAC h a m s t e r s  o n  m a le  b o d y  w e i g h t s  ( g )
m ean  -  SD
D iet F2 -  +Aerated arach is o i l
D iet F3A -  +Sunflowerseed o i l  + m ethionine
D iet F3B -  +Sunflowerseed o i l  methyl lin o le n a te
D iet F4 -  PRD
Day
D iets
F2 F3A F3B F4
0 121±4.8 120±1.6 120±3 .8 1141 5-0
7 116±4*1 1 1 4 il .7 116±3 .8 112± 3 .7
14 120±5*2 11713-1 11713-5 1131 5 -9
21 11714*9 116+2 .6 11613.3 1141 6 .4
28 11915*1 118+L.2 11912.3 115± 4-1
35 I I 8I 4.8 .118±L.8 11712.3 1171 7-6
42 11417.5 11612.2 H 3I 2 .7 106+10.5
49 11413-9 10915.2 11714.5 116+ 7 .6
63 12214.4 118±3.4 12413.8 l 2 i i l o . 7
No s t a t i s t i c a l  d i f f e r e n c e
T a b le  75  E f f e c t s  o f  s u p p le m e n t in g :  s u n f l o w e r s e e d  o i l  w i t h  m e t h y l
l in o le n a te  or methionine in  the d ie t  o f CLAC ham sters on 
fem ale body w eights (g ) ,  mean ± SD
D ie t F2 -  +Aerated arach is o i l
D ie t F3A -  +Sunflowerseed o i l  + m ethionine
D ie t P3B -  -fSunflcwerseed o i l  + methyl lin o le n a te
D iet P4 -  PHD
Day
D ie ts
P2 P3A F3B F4
0 117± 9*8 ' 128+12.0 123± 5*7 9l±  6 .2
7 123*10.2 121±11.9 123* 7-5 95* 5 .4
14 127±14*7 123i l 6 .4 129±10.0 102+ 6 .2
21 139*16.4 128*17*4 134- 9*0 106±14.4
28 133tL4*0 130iL2.5 131* 8 .5 1 0 8 1 6 .0
55 140± 9-9 155* 9-5 126±13.5 1 1 5 * 9 -1
42 123120.2 122+L4.8 1 2 0 ll7 .0 1021 8 .5
49 135+14.O 123i l 3 .8 116+12.5 9 6 + 3 .5  *
63 -145*17.6 138±20.7 130±13.6 114113.9
*  S i g n i f i c a n t l y  d i f f e r e n t  P <  0 . 0 5
T a b le  76 E f f e c t s  o f  s u p p le m e n t in g  s u n f l o w e r s e e d  o i l  w i t h  m e t h y l
l in o le n a te  or methionine in  the d ie t  o f CLAC hamsters on 
breeding performance
D iet F2 -  +Aerated arach is o i l
D iet F3A -  -{Sunflowerseed o i l  + m ethionine
D iet F3B -  -fSunflowerseed o i l  + methyl lin o le n a te
D iet F4 -  PHD
D iet
F2 F3A F3B F4
No. of fem ales 5 5 5 4
Mean No. l i t t e r s  
b om /fem ale /
9 weeks
1 .2 1 .2 1 .2 1.75
Mean No. days a fter  
mating before  
1 s t  l i t t e r
18 21 18 18
Mean l i t t e r  s iz e  
Day 0 3 .8 5 .3 4*8 9 .3
Day 5 2 .8 4 .5 4 .3 7 .0
Day. 21 0 .5 1 .3 2 .0 4 .7
F e r t i l i t y  Index (%) 60.0 60.0 60.0 87 .5
V ia b il ity  Index (%) 73.9 8 4 .4 89*7 75 .4
L actation  Index (%) 17.6 29 .6 46.2 67.3
CHAPTER 4 
GENERAL DISCUSSION
AND CONCLUSIONS
GENERAL D ISC U SSIO N  AND CONCLUSIONS
The o b jec tiv e  o f th is  study was to  contribute towards the eventual 
form ulation and commercial production of a hamster d iet*  This was to  be 
achieved by provid ing inform ation which would be of use in  the form ulation  
of p u r if ie d  d ie t s .  . The sem ipurified  d ie ts  th a t have p rev io u sly  been used  
allow fo r  normal growth of hamsters; however, they are l e s s  e f f e c t iv e  in  
supporting reproduction (Hamilton & Hogan, 1944) and have not been stu d ied  
in  the p a s t . In t h is  study breeding performance was one o f the main c r i t e r ia  
used to  d efin e  the optimum d ie t  w ith  resp ect to  vitam ins A and E.
Throughout the ea r ly  part o f the study female hamsters fed  the
f
semi—p u rified  d ie t s ,  ir r e sp e c t iv e  of the vitam in con cen tra tion s, could not 
rear th e ir  pups to  weaning. This was in v estig a ted  w ith  referen ce  to  the 
e s s e n t ia l f a t t y  acid  content o f the d ie t .  Evans, e t  a l ( l9 3 4 a » 1934h) 
reported th at normal reproduction in  the ra t was im possib le w ithout e s s e n t ia l  
fa t ty  acid s in  the d ie t ,  and that the dams were unable to  suckle th e ir  young 
in  the absence o f  these required n u tr ien ts . D euel, e t  a l (1954) concluded 
th a t d ietary  f a t  i s  not required by the female ra t fo r  conception or fo r  the  
completion o f pregnancy when d ie ts  are otherwise com plete. But f a t  i s  
required to  ensure the su rv iva l of the pups a fter  b ir th , and th e  c o n stitu en ts  
of the fa t  resp on sib le  fo r  th is  and fo r  sa t is fa c to r y  la c ta t io n  appear to  be 
the e s s e n t ia l  f a t t y  a c id s . ' -
In th is  study la r d , arachis o i l  and aerated arach is o i l  were the fa t s  
used when fa ilu r e  to  rear pups occured. Lard and arach is o i l  contain  
approximately 4®g and 26g l in o le ic  acid r e sp e c t iv e ly  per lOOg to t a l  f a t t y  
acids (S pector, 1964 ) . A eration  o f  th e  a ra ch is  o i l  probably reduced  
t h i s  l e v e l .
I t  would appear therefore th at the requirement fo r  l in o le ic  acid  
by the hamster i s  greater than th a t supplied in  the d ie ts  used . Improvement 
in  breeding performance was achieved by feed in g  sunflowerseed o i l  together  
w ith methyl lin o le n a te  (4g/kg) or methionine (2 g /k g ).
Soderwall & Smith (1962) reported the b e n e f ic ia l  e f f e c t  of wheat germ 
o i l  on pregnancies in  female ham sters. The authors a ttr ib u ted  the e f f e c t  
to  the high le v e l  o f vitam in E the o i l  con ta in s. However i t  does contain  
appreciable amounts o f EFAf s; 52g l in o le a t e  and 4g lin o le n a te  per 100g to t a l  
f a t t y  acids (Spector, 1964). The sunflowerseed o i l  supplemented w ith  methyl 
lin o le n a te  had a sim ilar EPA com position.
The supplementation with m ethionine a lso  improved breeding performance. 
In r a ts  the sulphur-containing amino acids are u su a lly  added to  case in  based  
sem i-pu rified  d ie ts  as they are l im it in g  e s s e n t ia l  amino a c id s . There was 
no in d ic a tio n  in  the lite r a tu r e  th at hamsters a lso  had th is  requirem ent, but 
i t  appeared b e n e f ic ia l to  reproduction. Further in v e s t ig a tio n  i s  required  
to  e s ta b lish  the EPA requirements o f the ham ster. EPA le v e l s  in  the d ie t  
and in  the dams and pups should be measured to  determine whether d e fic ie n c y  
can be produced. I t  would a lso  be in te r e s t in g  to  study the e f f e c t  o f a d ie t  
contain ing both lin o len a te  and m ethionine on reproduction. A combination of  
both th ese supplements could fu rth er improve breeding performance on.sem i­
p u r ified  d ie t s .
The e f f e c t  o f a p o ss ib le  EPA d e fic ie n c y  on the requirement o f v itam ins  
A and E for  reproduction i s  not known and must be considered when in ter p r e tin g  
the other r e s u lt s .  The absence of v itam in E from the d ie t  r e su lted  in  
resorp tion  o f anbryos, th is  has been p rev iou sly  reported by Mason (unpublished  
s tu d ie s , c ite d  by Mason & Horwitt, 1972). The e f f e c t  on the female 
reproductive system ipreceded ; the t e s t ic u la r  degeneration observed in  the male 
hamsters fed  on a vitam in E d e f ic ie n t  d ie t ,  who sired  the resorbed l i t t e r s .
No e f f e c t  on the reproduction of female hamsters fed  vitam in A d e f ic ie n t  
d ie t s  was observed* T esticu la r  degeneration was observed in  male hamsters 
fed  th is  d ie t .
A d e fic ien cy  o f e ith er  vitam in A or E produced ty p ic a l e f f e c t s  on the 
te s t ic u la r  germinal epithelium  in  the hamster (S a lle y  & Bryson, 1957;
Mason & Mauer, 1957)* This e f f e c t  and the concomitant decrease in  te s t ic u la r  
weight were subsequently used as an in d ica tor  o f the q u a n tita tiv e  requirement 
of th ese v itam in s. On th is  b a s is  a d ie t  con ta in in g  greater  than 40mg vitam in  
E per kg d ie t  and 4,000 iu  vitam in A per kg d ie t  w ith corn o i l  as the fa t  
source produced the le a s t  te s t ic u la r  degeneration . In creasin g  the le v e l  o f  
vitam in A to  40*000 iu  per kg d ie t  increased t e s t ic u la r  degeneration . The 
requirement fo r  vitam in A appears g r e a te r  than th e 250 iu  per week quoted by 
S a lley  & Bryson (1957) to  prevent the symptoms o f vitam in A d e fic ie n c y . 
P rev iou sly , 25mg vitam in E per'kg d ie t  was considered adequate for  growth 
(Hamilton & Hogan, 1944; S a lley . & Bryson, 1957) * but no va lu e  was given fo r  
g e sta tio n  or la c ta t io n .
Reproductive su ccess, in  terms o f number o f l i t t e r s  and number o f pups 
born, suggests th at lOOmg vitam in E per kg o f d ie t  was optimum. In creasin g
t
vitam in A from 500 to  50000 iu  per kg d ie t  appeared to  improve breed ing  
performance. .
The requirement of the hamster fo r  vitam in E appears g rea ter  than th a t  
of the laboratory  r a ts  which has been reported as 30nig/kg (NAS, 1972). The 
probable requirem ents fo r  both vitam ins cannot y e t be s p e c if ie d  as fu rth er  
work i s  required to  id e n t ify  the optimum le v e l  w ith in  the ranges te s te d .
Vitamin A -d efic ien t d ie ts  did not produce rapid e ffe c ts ..o n  growth as 
reported by other workers (S a lle y  & Bryson, 1957; R ogers, e t  a l , 1974)? 
although female hamsters fed  the d e f ic ie n t  d ie t  weighed c o n s is te n t ly  l e s s  
than co n tro ls  from about the time of th e ir  f i r s t  p a r tu r it io n . The lack  of
response was probably due to  high body s to r es  o f vitam in A, notably  
in  the l i v e r .
Hamsters fed  vitam in E d e f ic ie n t  d ie ts  m aintained growth u n t il  
sh o rtly  before m orbidity or death. This i s  s im ila r  to  the e f f e c t  on growth 
reported fo r  r a ts  (W itting & Horwitt, 19&4) im plicated  fo r  hamsters by 
West & Mason (1955)* CLAC hamsters were used and th e ir  w eight on the semi­
p u r ified  d ie t  was sim ilar to  hamsters fed  a conventional d ie t .  In the 
experiments considering the q u an tita tive  requirement o f v itam ins A and E and 
th e ir  in te r a c t io n , no s ig n if ic a n t  e f f e c t  on body w eight were found.
Apart from te s t ic u la r  w eight no e f f e c t  on the organ w eights, measured 
was observed. The w eights were in  the range of normal va lu es from hamsters 
fed  a conventional d ie t .
M icroscop ica lly , several t is s u e s  showed the e f f e c t s  o f a d e f ic ie n t  
d ie t .  Muscular dystrophy was produced in  hamsters fed  a d ie t  d e f ic ie n t  in  
vitam in E. The muscle f ib r e  n e c ro s is , invasion  by macrophages and p r o life r a t io n  
of muscle n u c le i , randomly or in  rows by am ito tic  d iv is io n  was sim ilar  to  
th at described by West & Mason (1955) • The time o f onset o f the dystrophy 
was a lso  in  agreement w ith  West & Mason (1955)* who reported h is to lo g ic a l  
changes in  muscle at 2 to  3 months. The diaphragm was s im ila r ly  a ffec te d  as 
was the tongue to  a le s s e r  ex ten t, but no evidence o f damage to  cardiac  
muscle was d etected , u n lik e  the ra t (Mason & Emmel, 1945) ^cL the rab b it  
(Houchin & Smith, 1944)*
In two^  in stan ces female CLAC hamsters fed  vitam in E d e fic ie n t-  d ie t  
co llap sed  due to  a fore-lim b p a r a ly s is . The fem ales could not support th e ir  
body w ith  t h e ir ‘fro n t le g s  and th e ir  r e sp ir a tio n  was g r e a t ly  in creased .
This has not been reported fo r  r a ts ,  but L eich t & G atz(l950) referred  to  a 
m od ifica tion  in  g a it  and co llap se  before death. However, w ith  r a t s ,  i f  l i v e  
young are born to  d e f ic ie n t  parents, the pups may su ffe r  from a la t e - la c t a t io n
p a ra ly sis  a t about 18 days post-par turn. This syndrome i s  characterized  by 
* clenching o f the forepaws, weakness and dragging o f the e x tr e m itie s , in a b i l i t y  
to  recover posture when placed on th e ir  backs, dim inution o f r e sp ir a tio n  and 
body temperature, l i s t l e s s n e s s  and death* (Rose & Gyorgy, 1 9 5 0 ).
Muscular degeneration o f sk e le ta l muscle o f the h in d -leg  was used as 
an in d ica tor  o f the q u a n tita tiv e  requirement o f vitam in E. L esions were 
observed when the d ie t s  g en era lly  contained 40mg or l e s s  v itam in E per kg 
d ie t ,  although s l ig h t  degeneration was observed in  two cases when 400mg was 
fed . This could be a sso c ia ted  w ith  the EPA problem described e a r l ie r .
L evels of vitam in A did not a f fe c t  the requirement o f E fo r  preven tion  o f the  
dystrophy.
The symptoms of v itam in A d e fic ien cy  p rev iou sly  described; extreme 
weight and xerophthalmia (H irsch i, 1950)* squamous m etap lasia , or 
k era tin iza tio n  of sa liv a ry  glands and resp ira tory  mucosa (S a lle y  & Bryson,
1957* S a lle y , e t  a l , 1959) were not observed. H irsch i (1950) observed  
d efic ien cy  s ig n s  on h is  d ie t s  a fter  only 14 days w h ils t  other authors reported  
signs a fte r  8 weeks (S a lle y  & Bryson, 1957)* ye+ in  th is  study only t e s t ic u la r  
degeneration was seen a f te r  24 weeks. P ossib le  exp lanations fo r  th is  are th at  
in  th is  study the d ie t  was not d e f ic ie n t  or, more l ik e ly ,  th a t l iv e r  s to r e s  
of vitam in A before te s t in g  were h igh . On the other hand, the d ie t s  in  
previous work may have been m arginally d e f ic ie n t  in  other n u tr ie n ts  or the  
background h ea lth  and n u tr it io n a l s ta tu s  lower. I t  would appear though th a t  
the reproductive system i s  f i r s t  a ffec te d  in  the hamster when vitam in A i s  
reduced in  the d ie t .
The prelim inary in v e s t ig a t io n  in to  the use o f open f i e ld  a c t iv i t y  as 
a non-invasive measure o f muscular damage suggests th at dystrophy cannot be 
detected  in  the early  s ta g es . A c tiv ity  was gen era lly  l e s s  fo r  ham sters fed  
the d e f ic ie n t  d ie t  but the e f f e c t s  were not s ig n if ic a n t . This th ere fo re  
seems to  o ffer  no advantages in  the d etec tio n  o f marginal d e f ic ie n c ie s
of v itam in E. A sim ilar conclusion  was reached fo r  the p o ten tia l use of  
the depth perception  t e s t  in  red l ig h t  for  the d e tec tio n  o f v ita m in  A 
d e fic ie n c y .
To summarize th erefore , the q u a n tita tiv e  requirement o f vitam in A 
appears to  he greater than 4>000 iu  per kg but l e s s  than 4Q000 iu  per kg, 
w h ils t  th a t of vitam in E appears to  be greater than 40mg per kg to  support 
reproduction . However the e s s e n t ia l  fa t ty  acid  requirem ent, appears to  be 
greater fo r  the hamster than the r a t  and fu rth er  study i s  required to  
e lu c id a te  t h is .  Confirmation of EFA requirem ents may then stim ulate fu rther  
in v e s t ig a tio n  o f the q u an tita tive  requirement o f the fa t -so lu b le  v itam ins  
A and E.
APPENDIX A
INDIVIDUAL OBSERVATIONS
T a b le  7 7  (E b c p .A l)  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t
t o  DSN h a m s t e r s  o n  i n d i v i d u a l  m a le  b o d y  w e i g h t s  ( g )
D iet C/a Control
D iet A Vitamin A d e f ic ie n t
Male No. 1 2 3 4 5 6 7 8 9 10 11 12
D ie t C/a A A C/a A A C/a A A C/a A A
Day
0 35.5 35.5 33-0 30.0 31.5 34.0 33.0 33.0 33.0 33-0 32.0 37.5
7 50.5 53.5  45.5 48.5 47.0 42.0 45.5 48.0 44.5 41.5 47.5 51.0
14 72.0 * 65.O 67.O 66.0 63.O 65.O 69.5 63 .0 59 .0 69.O 69.O
21 89-5 82.0 80.0 82.0 78.0 85-5 87.0 79.0 74.0 84.5 86.0
28 103-5 87.0 84-5 93.0 84.O 94.0 97.0 86 .5 81.0 93.0 93.0
35 106.0 93.0 91.0 101.0 88.5 100.0 105.0 92.0 86.0 101.0 102.0
42 108.5 92.5 92.5 104.5 88.5 107.5 108.0 96.5 88.0 102.0 104.5
49 115.5 102.0 103.5 109.5 91.5 106.5 110.5 102.0 93.0 105.0 110.5
56 123.0 110.5 110.5 117.0 93.0 110.5 116.0 108.0 96.5 110.5 110.5
63 127.0 110.0 115.0 123.0 98.0 118.5 114.5 1 11 .0 98.5 113.0 114.5
70 129.5 109.0 119.0 121.5 99.0 118.5 117.0 1 11 .0 102.5 112.0 116.0
77 133.0 IO9.5 123.5 124.5 100.5 124.0 118.5 115.0 105.0 116.0 116.0
84 136.0 112.5 121.5 121.5 104.0 127.0 118.5 116.5 106.5 113.0 112.5
91 137.5 114.0 120.0 126.5 104.5 121.5 118.5 114.5 104.0 116.5 111 .0
98 133.0 109.5 118.5 125.5 103.5 117.5 120.5 118.5 103.5 100.0 +
105 131.0 117.5 110.5 123.0 107.5 114.0 121.5 119.0 108.0 121.0 103.0
112 137.5 116.5 119.0 126.5 107.0 109.0 121.5 I 20.5 106.0 123.0 110.5
119 142.0 103.0 120.5 121.0 104.0 122.5 126.0 120.5 97.5 127.0 115.0
126 133.5 118.0 120.0 123.5 104.5 123.0 125.5 125.0 98.5 130.5 117.0
133 134.0 121.0 121.0 121.0 109.0 130.5 125.5 124.5 106.0 130.5 114.5
140 133.5 123.0 120.5 ** 112.0 133.5 130.5 127.5 109.0 136.0 109.0
147 141.0 124.5 122.0 113.0 139.0 127.0 130.0 111.5 136.5 114.0
154 146.5 125.0 125.0 95.0 142.0 100.0 113.5 113.0 123.0 122.0
161 145.0 127.0 119.0 102.0 144.5 110.0 126.5 116.0 133.0 124.0
168 146.0 128.5 120.0 104.5 143.0 1 1 1 .0 130.0 121.0 125.5 129.0
* Pound dead, due to  f ig h t in g  
** K illed  
+ M issing observation
T a b le  78  ( E x p .A l )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t  t o
DSN h a m s t e r s  o n  i n d i v i d u a l  f e m a le  b o d y  w e i g h t s  ( g )
D iet C/a Control
D iet A Vitamin A d e f ic ie n t
Female , 
No. 2 3 4 5 6 7 8 9 / 10 11
12
D iet C/a A A C/a A A C/a A A C/a A A
Day
36 .00 3 6 .O 35.0 33.0 30.0 31.5 34.0 34-0 31.0 30.5 34.5 3 0 .0
7 5 1 .0 47.5 47.0 40.5 40 .0 39.0 47.0 40.0 4 8 .0 43.0 4 2 .0 46.5
14 69 .O * 6 1 .0 54.0 5 8 .0 60.0 67 .O 59.5 6 4 .O 5 8 .0 5 8 .0 63 .O
21 87*5 78.5 70.0 6 8 .0 79.5 81.0 78 .0 77.0 69.5 6 8 .0 78.5
28 99.5 89.5 79.0 7 2 .0 89*5 94.0 88.5 8 6 .0 81.0 7 2 .0 84-5
35 1 0 7 .0 103 .0 78.5 83*5 96.5 1 06 .0 96.5 97.5 95 .O 77.0 95.5
42 117.5 11 9 .0 83-5 95.0 106.0 127 .0 112.0 114.5 102 .5 86.5 90 . 5k
49 116 . & 95. & 90.0 90. J '120.5 108.cf' 8 7 .^ 8 9 . (f' 94-5L 7 0 . &' 95.0
56 116.5 ** 109.5 92.5 96 .^ '119 .0 90.5 87-5 98.5 75.0 104-5
63 1 1 9 .0 96.0 94.0 87-0 135.0 98.0 101.5 105 .0 84*0 105 . C?1
70 1 3 1 .0 100.0 105 .0 90.5 117 .^ 102.0 9 4 -^ 93-^ 93.5 1 04 .0
77 •
C
T\ 
O 1—I 104.0 114.5 99.5 123 .0 123.5 93.5 103.5 8 5 .^ 120.0
84 111 .0 ** 123.0 103 .0 131 .0 95.5^104.5 10 5 .0 75 .5 1 0 6 .0
91 117 .0 115.5 131-5 141.5 96 c5 108.5 109.5 7 6 .0 104.5
98 1 05 .5 116.0 9 3 .J 1IO7 .O 106 .0 98.5 9 9 ^ 8 6 .5 +
105 116 . ( f 116.0 94.5 131 .0 105 .cf1 97.5 99.5 89.0 83.0
112 10 6 .0 124 .0 99.0 116.5 99-5 99.5 102 .5 9 0 .0 94.5
119 98.5 127.5 108.0 120.5 88 .5 100.0 113.5 88.5 103.5
126 100.5 136.5 110.0 128.0 1 04 .0 109 .5 125.5 98.0 121.5
133 118.5 121.0 110.(T 152 .0 107.0 116 .5 12 9 .0 1 0 3 .0 111.0
140 136.5 * 106 .0 134.CT134.0 111 .5 1 4 1 .0 9 6 .0 1 0 7 .0
147 126. (f 98.0 131 .0 106.5 1 2 3 .0 151 oO 9 7 .0 122.0
• 154 112.5 82.0 140.5 85 .0 102 .5 133.5 8 5 .0 130.5
161 * 104.0 161 .0 1 02 .0 117 .0 1 4 8 .0 10 3 .0 126.5
168 108.2 134.0 1 15 .0 118.0 159.5 9 6 .0 1 3 0 .0
L L itte r  "born 
* K illed  
** Eound dead 
+ M issing observation
T a b l e  7 9  ( E x p .A l )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t  t o
DSN h a m s t e r s  o n  w e e k l y  f o o d  c o n s u m p t io n  ( g )  -per p a i r
D iet C/a Control
D iet A Vitamin A d e f ic ie n t
Pair 1 2 3 4 5 6 7 8 9 10 11 12
D ie t C/a A A C/a A A C/a A A C/a A A
Day
7 111 94 93 105 102 91 112 98 104 140 108 111
14 126 * 116 117 111 119 125 126 128 152 124 130
21 124 115 118 166 124 150 140 148 133 129 119
28 98 88 88 96 56 105 98 65 85 113 89
35 74 94 80 75 81 87 90 88 140 79 91
42 78 97 89 91 83 82 90 91 + 76 110
49 98 100 81 89 78 94 77 83 + 69 96
56 107 ** 93 101 87 96 68 71 87 77 80
63 94 + 93 107 89 100 95 89 86 90 109
70 96 48 96 92 133 93 86 88 85 89 99
77 92 44 93 93 135 104 96 85 93 96 95
84 98 39 ** 100 84 105 83 87 91 105 94
91 89 38 + 90 79 90 66 85 84 86 91
98 92 33 53 150 93 102 92 71 111 83 34
105 85 33 34 75 80 100 90 62 96 6 7 133
112 100 60 41 99 89 114 106 78 86 83 106
119 121 31 42 58 78 106 76 67 74 77 101
126 68 51 41 109 65 111 141 90 88 74 101
135 - 100 48 39 75 87 114 97 80 120 78 85
140 84 46 36 110 + 94 102 82 116 95 86
147 126 50 53 * 87 118 90 104 114 80 + .
154 137 49 30 58 101 58 67 ' 99 72 117
161 112 47 43 7 6 99 107 85 55 95 105
* Pair k i l le d
** Female k i l le d  
+ M issing observation
T a b le  8 0  ( E x p .A l )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t  t o
DSN hamsters on weekly food u t i l i z a t io n  *
D iet C/a Control
D iet A Vitamin A d e f ic ie n t
Pair 1 2 3 4 5 6 7 8 9 10 11 12
D ie t C/a A A C/a A A C/a A A C/a A A
Day
7 3.70 3.08 3.51 3.55 4.25 7.00 4 .39 4*08 3 .59 8 .24 3-93 4.63
14 3-19 ** 3.46 3*66 3.00 2.83  • 3 .16 3.07 3 .71 4*06 3 .31 3-77
21 3-44 3-33 4.07 6.38 3.59 3.77 3-89 5 .10 3 .6 4 5 .06 3.66
28 3-77 5.50 6.52 6.40 3.50 4.88 4.78 3.82 4 .59 9 .04 6.85
35 7-40 4.82 :13.33 3-85 7.04 4,83 5.63 5 .18 7.37 6 .08 4.55
42 6 .00 6.26  !13.69 6.07 8.74 2 .8 8 4.86 4 .23 ** 7 .2 4 **
* Food u t i l i z a t io n  = Apparent food consumption
g . gain in  body w eight
** 2A -  Male found dead, female k i l le d  
10C /a- Food consumption not recorded  
12A -  Decrease in  body weight
T a b le  8 1  ( E x p .A I )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t  t o
DSN h a m s t e r s  o n  i n d i v i d u a l  b r e e d i n g  -p e r fo r m a n c e
D iet C/a Control
D iet A Vitamin A d e f ic ie n t
Female No. 1 2 3 4 5 6 7 8 9 10 11 12
D iet C/a A A C/a A A C/a A A C/a A A
No. l i t t e r s  born 4 *
*
1
*
0 1 3 3 3 2 3 2 2
1 s t  l i t t e r  born, Day 46 46 46 49 40 46 42 46 42 39
L it te r  s iz e  Day 0 1 6 8 4 7 8 5 7 2 5 8
2 2 8 8 8 3 0 0 9
3 5 7 6 6 2
4 5
Day 5 1 0 8 4 5 7 2 1 0 0 3
2 2 6 3 1 1 0 0 3
3 5 6 0 5 2
4 5
Day 21 No pups achieved weaning age
* Female No. 2 K illed
3 Found dead 6 days a fter  p a r tu r it io n , young k i l le d
4 Found dead
T a b le  8 2  ( E x p .A I ) E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t  t o
DSN hamsters on depth perception  o f males in  
w hite l ig h t  -  in d iv id u a l observations
D iet C/a Control
D iet A Vitamin A d e f ic ie n t
No. D iet Side se lec ted Latency (se c s )
1 C/a S 95
3 A S 4
4 C/a S 115
5 A S 120
6 A S 50
7 C/a S 150
8 A D 10
9 A D 10
10 C/a S 110
11 A S 105
12 A ' S 60
S Shallow 
D Deep
T a b le  8 3  ( E x p .A I )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  A d e f i c i e n t  d i e t  t o
DSN hamsters on depth perception  o f males in  
red l ig h t  — ind iv idu al observations
D iet C/a Control
D iet A Vitamin A d e f ic ie n t
No. D iet Side se lec ted Latency (s e c s )
1 C/a S 30
3 A D 123
4 C/a S 43
5 A S 95
6 A. S 181
7 C/a S 70
8 A ND 300
9 A S 105
10 C/a S 68
11 A D 73
12 A S 81
S Shallow 
D Deep 
ND No descent
T a b l e  84  ( E x p .E l )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
CLAC h a m s t e r s  on  i n d i v i d u a l  m a le  b o d y  w e i g h t s  (g)
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Male No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
D ie t C/e C/e E E. C/e E C/e E C/e E C/e E E C/e E
Day
0 27 32 33 30 30 31 44 30 34 30 24 32 27 27 33
7 46 50 48 49 48 37 49 39 53 40 52 48 48 46 46
14 62 66 66 69 69 58 71 51 68 58 69 65 66 63 58
21 75 77 64 81 76 63 86 52 76 55 81 74 81 77 62
28 82 81 71 88 86 78 93 64 86 77 87 81 89 85 71
35 88 75 81 93 94 87 106 75 91 81 91 84 93 93 82
42 93 76 84 97 100 95 113 82 93 86 90 87 97 100 90
49 96 82 88 101 104 102 117 84 92 85 88 91 102 107 98
56 99 86 89 101 108 107 118 84 96 81 91 90 :104 110 99
63 103 88 92 103 114 109 122 87 98 87 94 90 106 97 106
70 106 90 93 102 115 108 125 84 98 88 94 89 107 114 108
77 110 91 98 102 118 108 129 85 101 89 95 90 :109 117 109
84 114 92 97 103' 120 107 131 83- 102 91 96 89 106 116 106
91 114 95 99 104 125 107 132 83 105 93 98 92 :107 119 105
98 118 98 100 107 124 106 132 83 105 93 96 95 :109 123 :106
105 117 99 102 107 126 108 135 84 107 93 99 96 110 126 :107
112 116 99 * 108 129 110 137 86 107 94 100 98 109 130 L06
119 115 100 110 129 106 138 87 107 95 100 101 109 134 :107
126 115 102 111 130 109 139 88 107 96 102 102 107 134 :110
133 117 104 110 130 109 140 90 110 97 103 101 107 134 n o
140 116 103 108 132 111 139 92 111 99 106 100 106 133 :110
147 117 104 * 134 110 138 91 112 99 105 102 107 133 113
154 117 105 132 111 138 88 111 99 105 103 107 134 113
161 117 105 133 112 140 89 113 99 105
t"01—10rH 134 113
168 116 105 134 :113 140 88 :113 99 105 104 106 134 111
* Dead
T a b le  85  ( E x p .E l )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
CL AC h a m s t e r s  o n  i n d i v i d u a l  f e m a l e  "body w e ig f o t s  ( g )
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Female No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
D ie t C/e C/e E E C/e E C/e E C/e E C/e E E C/e E
Day
0 27 28 36 24 30 29 38 31 33 32 25 34 29 25 30
7 45 39 49 42 47 42 47 36 49 43 50 49 46 45 41
14 61 51 68 59 70 62 69 47 67 57 69 64 65 63 59
21 73 59 67 70 78 66 86 49 68 48 80 76 81 82 68
28 83 64 77 76 93 81 89 57 80 68 87 85 89 94 73
55 88 * 83 76 107 84 102 62 87 67 91 96 94 104 82
42 98 81 76 114 90 80 68 90 73 89 ** 92 110 82
49
56
81L
85
92
88
** 121
ll^ f1
91
94
87
91
66
64
** ** * 88 129 
89 112L
78
77
65 99 88 101 * 118 72 ** 89 85
70
77
86L
78
89
88
112
128
91L
92
* 123
107^
**
84 71 90 110L 110 113
. 91 89 91 105 9^ 125
98 89 92 112 97 147
105 107 94 127 103 126
112 93 94 116L 114 128
119 - 99 112 102 -
126 - 93 125 - -
155 - * - - -
140 - - - -  • -
147 100 - - 137
154 - - 111 -
161 - - - -
168 99 139 110 145
L L it te r  bom  
* Found dead 
** K illed  
-  Observation not made
T a b le  86  ( E x p * E l)  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
CLAC hamsters on weekly food consumption ( g )  per pair
D iet C/e Control
D iet E . Vitamin E d e f ic ie n t
Pair No* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
D iet C/e C/e E E C/e E C/e E C/e E C/e E E C/e E
Day
7 70 71 80 71 91 65 87 55 80 67 89 85 81 87 58 ,
14 104 92 99 101 120 98 102 74 118 94 101 104 126 107 92
21 133 90 55 93 93 74 121 51 71 50 107 98 117 124 82
28 97 70 85 85 122 122 106 79 101 86 87 78 112 104 98
35 74 3^ 88 69 97 82 92 75 78 68 87 68 71 85 73
42 65 i<? 62 .60 89 100 79 66 55 65 77
*
45 62 85 65 -
49 66 42* 66 62* 85 75 75 70
*
38
*
37 3^
*
41 65 79 70
56 75
-  * 
42 78
*
38 78 67 72 64
*
' 44
*
28
*
30
*
57 65 87 73
63 79
*
40 67
*
47 82
*
59 85 69
*
42
*
43
*
40 58 82
70 77
*
40 71
*
43 86
*
40 95
*
57
*
38
*
38
*
49
*
39
*
44 99 64*
77 87
*
48 77
*
45 91
*
45 85
*
38
*
45
*
39
*
40
*
42 44* 101
*
48
84 108
*
42 69
*
41 82
*
41 90
*
37
*
45
*
43
*
33
*
38 41* 100
*
41
* One of pair  only
T a b l e  87  ( E x p .E l )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o
CLAC hamsters on weekly food consumption 
( r / 1 0 0 r  body w eight) .
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
D ie t C/e C/e E E C/e E C/ e E C/e E 1D/e E E (D/e E
Day
7
0N~\
H
118 116 131 152 108 106 90 119 108 182 126 145 167 92
14 114 103 102 111 126 124 106 99 116 113 99 107 134 118 106
21 108 77 41 73 67 62 86 52 53 43 78 76 89 98 70
28 59 48 57 52 68 77 58 81 61 59 50 47 63 58 68
35 42 48 54 41 48 48 44 53 44 46 48 38 40 43 45
42 34 21 38 35 42 54 39 44 30 40 43 49 33 40 38
49 37 51 37 61 37 39 37 44 41 42 41 45 33 33 40
56 41 49 44 38 35 33 34 43 46 35 33 41 33 39 41
63 39 45 37 46 38 54 35 43 43 49 80 44 53 31 43
70 40 44 39 42 39 37 43 68 43 43 52 44 41 42 59
77 46 53 41 44 37 42 38 45 45 44 42 47 40 45 44
84 58 46 37 40 36 38 37 45 44 47 34 43 39 46 39
T a b le  88  ( E x p . E l )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o
CL AC hamsters on ind iv idu al breeding performance
D iet C/e Control
D ie t E Vitamin E d e f ic ie n t
Pair No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
D iet C/e C/e E E C/e E C/e E C/e E C/e E E C/e E
N o .l i t t e r s  
bom
3 (28? 0 (49? 3 ( 63!  4 (67? ( 46? (49? (46? ( 42? (43? 2 (47?
1 s t  l i t t e r  
b om , day 46 56 41 53
L itte r  s iz e  
Day 0 1 6 2 3 4
2 6 5 4 4
3 2 5 3
4 2
Day 5 1 6 2 1 2
2 3 5 0 0
3 0 1 0
4 < 0
Day 21 1 0 0 0 0
2 1 0 0 0
3 0 0 0
4 0
* Numbers in  brackets r e fe r  to  the number o f  
experim ental days before death.
T a b le  89 ( E x p .E I )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o
CL AC h a m s t e r s  o n  i n d i v i d u a l  m a le  o p e n  f i e l d
l a t e n c y  ( s e c s ) .
D iet C/e Control
D iet E V itan in  E d e f ic ie n t
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
D iet C/e C/e E E C/e E C/e E C/e E C/e E E C/e E
Day
57 1 4 10 2 0 2 2 1 3 4 3 4 4 3 5
71 0 5 5 15 15 9 5 5 5 10 3 5 4 1 5
84 2 4 3 5 30 7 20 14 20 100 8 17 12 4 15
98 2 6 17 15 32 4 30 4 2 41 14 11 10 7 14
112 4 3 * 8 33 3 22 15 16 28 15 5 10 7 3
* Not measured, male 3 d ied .
T a b le  9 0  ( E x p .E I )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o
CLAC h a m s t e r s  o n  i n d i v i d u a l  f e m a l e  o p e n  f i e l d
l a t e n c y  ( s e c s )
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
D iet C/e C/e E E C/e E C/e E C/e E C/e E E C/e E
Day
57 3 * 1 * * 1 1 1 * * * * 1 4 3
71 3 2 2 * * * * 4 *
84 13 3 15 10 5
98 25 20 24 10 2
112 * 6 * * - 1
* Not measured, female e ith er  ,with l i t t e r  or dead
T a b le  91  ( E x p .E l )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
CLAC hamsters on in d iv id u a l male open f i e ld  a c t iv i t y  
(number o f squares crossed in  2 mins)
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
D iet C/e C/e E E C/e E C/e E C/e E C/e E E C/e E
Day-
57 73 63 39 83 56 96 67 52 60 21 57 85 84 81 59
71 82 70 20 40 35 69 25 47 32 19 53 46 47 118 35
84 90 61 46 19 13 58 13 25 28 3 35 10 31 25 17
98 63 35 24 14 10 45 10 28 33 11 30 21 35 20 23
112 73 18 * 29 8 59 24 23 32’ 13 29 23 45 21 43
* Not measured, male 3 d ied .
T a b le  9 2  (E x p .  E l ) E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o
CLAC hamsters on in d iv id u a l female open f i e ld
a c t iv ity  (number o f squares crossed in  2 m ins) .
M et C/e Control
M et E Vitamin E d e f ic ie n t
No* 1 2 5 4 5 . 6 7 8 9 10 11 12 15 14 15
M et C/e C/e E E C/e E C/e E C/e E C/e E E C/e E
Day
57 18 * 120 * * 114 89 97 * * * * 121 56 64
71 101 48 67 * * * * 25 *
84 64 22 47 52 20
98 47 51 15 49 56
112 * 56 * * 17
* Not measured, female e ith e r  w ith  l i t t e r  or dead.
T a b le  9 3 ( E x p .E l )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
CLAC hamsters on ind iv id u a l male organ w eights (g)
D iet C/e Control
D ie t E Vitamin E d e f ic ie n t
Male No. 1 2 ' 3 4 5 6 7 8
D iet C/e C/e E E C/e E C/e E
Body w eight 115.0 102.0 * * 134.0 113.0 141.0 88 .0
Body len g th  
(cm)
17 16.5 17.5 16.5
)
18 16
Heart 0.476 O.46I 0.480 0 .5 0 8 0.599 0.375
Lungs 0.569 0.545 0.678 0 .626 1.122 0 .466
Spleen 0.093 0.105 0 .074 0 .104 0.119 0 .078
Adrenal 0.012 0.013 0.013 0.009 0 .0 1 4 0.010
Kidney 0.457 0.457 0.497 0.452 0.660 0.343
Liver 6.838 4 . 980 7.838 7.022 8.688 4.377
T e s tis 1.453 1.487 ’ 1.502 0.928 1.802 0 .633
T estis  fa t 1.772 1.188 2.203 I . 34I 1 .587 0 .919
Eye 0.114 0.122 0.119 0.105 0.112 0.100
Brain 0.989 0.976 O.962 0.977 1 .009 0.987
* Died.
T a b le  93  ( E x p .E l )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
C o n t d .
CL AC ham sters on in d iv id u a l male organ w eights (g)
D ie t C/e Control
D ie t E Vitamin E d e f ic ie n t
la le  No. 9 10 11 12 13 14 15
) ie t C/e E C/e E E C/e E
Body w eight 113.0 99.0 105.0 102.0 107.0 133.0 112.0
Body len gth  
(cm)
17 18 17 16.5 16.5 17.5 16 .5
Heart 0.483 0.388 0.410 O.429 0.416 0.487 0.480
Lungs 0.611 0.629 0.559 I . I 64 0.715 O .85O 0.603
Spleen 0.100 0.079 0.087 0 .088 0.078 0.137 0 .116
Adrenal 0.012 0.010 0.010 0 .0 0 4 0.010 0.010 0.012
Kidney 0.422 0.410 0.407 0.431 0.412 0.572 0 .438
Liver 5-788 5.401 5.315 5 .954 6.095 8.300 6.283
T e s tis 1.649 0.892 1.559 0.712 0.897 1.672 0.946
T e s tis  fa t 1.531 I .336 1.377 0.973 1.230 2.246 1 .233
Eye 0.104 0.103 0.106 0.103 0.113 0.097 0 .113
Brain 1.002 0.893 1.037 0.952 O.966 1.019 0.995
T a b le  9 4 ( E x p .E l ) E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
CLAC hamsters on in d iv id u a l female organ w eights (g )
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
*
Female No. 
D iet
1
C/e
5
C/e
14
C/e
Body weight 93.0 139-0 148.0
Body length  (cm) 17.0 17.5 18.0
Heart 0.449 0.552 0.750
Lungs O.639 0.717 0.902
Spleen 0.220 0.494 0.325
Adrenal 0.006 0.006 0.023
Kidney 0.479 0.616 1.030
Liver 4.181 4.916 5.800
Ovary 0.033 0.023 0.032
Eye 0.106 0.110 0.127
Brain + 1.020 0.980
* No other fem ales survived  
+ M issing observation
T a b le  9 5  (E b cp .E 2 ) E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
ALAC & CL AC h a m s t e r s  o n  i n d i v i d u a l  m a le  b o d y  w e i g h t s  ( g )
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Cage-Strain 1-CLAC 2-CLAC 5-ALAC/CLAC 8-CLAC 12-ALAC/CLAC
D iet E C/e C/e E E
Animal Id en t HEP 1EP 2EP NEP 1EP 2EP HEP 1EP CLAC HEP 1EP 2EP HEP 1EPCLAC
Day 0 46 44 35 45 45 3 6 30 33 39 46 44 38 28 35 43
7 6 4 63 51 62 61 53 46 49 59 66 63 55 44 51 56
14 76 78 64 77 72 67 61 64 73 82 78 70 60 66 72
21 88 88 73 86 81 77 71 76 83 91 85 78 72 72 80
28 98 96 80 90 87 85 80 82 90 97 90 85 78 77 87
35 104 101 82 92 89 89 84 85 93 101 95 89 82 78 91
42 109 105 86 97 96 93 87 84 96 105 101 95 88 82 95
49 113 109 89 99 99 96 88 88 98 107 105 98 90 81 97
56 112 111 92 103 101 98 89 87 101 110 106 100 88 81 98
63 114 114 96 105 104 99 91 88 103 108 105 98 81 75 96
70 117 114 100 107 106 101 92 89 106 111 105 99 86 78 98
77 119 U 7  102 109 108 103 94 92 105 111 105 101 89 75 95
84 121 119 103 112 110 106 88 88 106 112 101 97 84 76 94
91 123 * 104 114 * 107 89 88 107 114 103 104 83 72 97
98 117 93 106 94 79 89 99 110 104 94 80 72 98
105 117 102 103 96 83 90 94 104 114 101 86 74 101
112 * * * * * 88 103 120 * 109 88 * 104
119 89 112 124 115 89 104
* * * * * *
*  K i l l e d
T a b l e  9 5  ( E x p .E 2 )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
c o n t d .
ALAC & CL AC hamsters on in d iv id u a l male body w eight s (g )
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Cage-Strain  
D iet 
Animal Id en t.
14-ALAC/CLAC
E
> NEP 1EP CLAC
15-ALAC/CLAC
C/e
NEP 1EP CLAC
18-
(
NEP
-CLAC
3 / e
1EP 2EP
Day 0 30 34 38 32 32 43 46 44 35
7 45 48 57 46 48 62 69 64 52
14 62 61 73 60 62 78 86 79 67
21 74 70 82 67 71 86 93 86 72
28 80 72 86 73 74 94 101 92 80
35 82 75 87 74 76 97 104 94 83
42 84 78 90 78 80 101 109 98 88
49 83 80 93 •80 80 105 113 99 92
5 6 82 81 ’ 97 81 85 107 112 98 88
63 79 79 100 78 85 106 113 99 88
70 78 77 103 81 82 109 107 94 82
77 83 71 104 84 82 110 116 104 90
84 86 77 104 85 82 112 118 106 93
91 89 81 * 86 83 117 122 * 94
98 83 81 83 82 117 124 95
105 88 84 91 83 121 130 95
112 * 89 94 * * 135 95
119 91 93 134 94
* * * *
*  K i l l e d
T a b l e  $6 ( E x p .E 2 )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
ALAC & CLAC h a m s t e r s  o n  i n d i v i d u a l  f e m a l e  b o d y  w e i g h t s  (g)
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Cage-Strain 3-CLAC 4-ALAC 6-ALAC 7-ALAC 9-CLAC
D iet E C/e C/e E C/e
Animal Ident. EEP 1EP 2EP NEP 1EP 2EP NEP 1EP 2EP NEP 1EP 2EP NEP 1EP 2EP
Day 0 44 35 35 41 35 34 38 40 31 40 37 32 38 37 41
7 61 47 49 56 48 49 53 54 43 53 50 46 53 49 53
14 72 59 63 71 61 62 65 65 56 68 65 60 67 64 62
21 85 69 74 79 70 71 75 78 65 76 74 69 75 72 69
28 91 76 78 87 79 76 73 81 68 79 78 70 82 78 78
35 102 81 84 92 86 80 62 69 61 82 79 71 87 83 81
42 112 84 93 95 90 86 55 59 53 81 79 74 94 90 86
49 120 86 97 97 94 89 51 56 55 79 78 69 97 94 87
56 117 87 94 98 97 90 66 69 55 83 79 69 106 102 89
63 116 90 99 103 101 95 72 78 64 83 79 63 i l l 101 93
70 108 97 100 105 103 95 75 83 . 70 87 84 68 117 98 98
77 116 107 100 106 i l l 100 76 87 72 90 85 70 123 100 111
84 121 114 100 108 111 98 85 90 75 90 85 68 117 106 116
91 * * * * * 94 88 * 81 92 * 68 * * *
98 93 89 80 93 70
105 101 95 82 97 74
112 * 96 * ** *
119 93
*
*  K i l l e d
T a b le  96  ( E x p .E 2 )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o
C o n t d .
ALAC & CLAC hamsters on in d iv id u a l female body w eights (g)
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Cage-Strain 10-CLAC 11-CLAC 13-CLAC 16-ALAC 17-CLAC
D iet C/e C/e C/e E E
Animal I dent. NEP 1EP 2EP NEP 1EP 2EP NEP 1EP 2EP NEP 1EP 2EP NEP 1EP 2EP
Day  0 44 36 33 32 43 42 41 32 43 38 39 33 41 32 42
7 62 55 49 48 63 57 58 48 58 54 54 48 56 47 58
14 77 68 66 62 79 70 76 63 74 59 58 50 75 64 72
21 85 75 74 70 91 82 86 75 84 74 68 62 90 76 82
28 98 82 77 67 100 87 94 84 91 73 57 59 98 85 92
35 99 80 78 63 102 89 96 86 94 87 67 69 102 89 94
42 99 80 79 66 101 91 101 88 99 92 73 70 103 99 100
49 103 81 78 75 108 92 105 88 97 95 75 74 106 96 96
56 108 86 80 79 H 6 94 110 90 100 97 76 71 104 103 101
63 111 89 81 80 118 94 114 92
vj-01—1 97 73 69 107 105 104
70 115 90 84 85 118 104 121 94 105 102 76, 76 114 114 106
77 115 99 99 88 114 113 121 102 111 104 79 81 108 122 119
84 110 110 109 84 116 113 116 111 116 105 80 82 112 124 120
91 110 117 119 84 117 113 * * * * 79- * 111 124 125
98 114 107 115 83 113 113 79 112 122 118
105 126 116 112 85 117 113 79 111 129 114
112 * 10^ * * 10^ 112 81 * * *
119 102 101 106 81
* * * *
* K ille d  
L L it te r  bom
T a b le  96  ( E x p .E 2 )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
C o n t d .
ALAC & CLAC hamsters on ind iv id u al fem ale body w eights (g)
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
C age-strain  
D iet 
Animal Id en t.
19-CLAC
E
NEP 1EP 2EP
20-CLAC
E
NEP 1EP 2EP
Day 0 34 36 44 42 38 33
7 50 VJ1 CD 59 51 46
14 67 63 73 71 67 63
21 78 73 85 81 77 75
28 82 ROCO 90 83 79
35 83 84 91 96 84 82
42 89 88 95 99 85 82
49 91 90 97 98 85 85
56 9 6 90 102 101 88 85
63 102 89 108 94 88 85
70 108 92 114 93 91 88
77 105 110 121 92 94 93
84 105 110 129 92 100 95
91 108 111 131 * * *
98 105,112 117
105 103 106 117
112 103 105 118
119 102 106 111
* * *
*  K i l l e d
T a b l e  9 7  ( E x p .E 2 ) E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
ALAC & CLAC hamsters on in d iv id u a l male open f i e ld  
la ten cy  (se cs)  and open f i e ld  a c t iv i ty  (number o f  
squares crossed in  2 m in s).
D iet C/e Control
D iet E Vitamin E d e f ic ie n t  ; i
C age/strain D iet Ident. Latency A c tiv ity Correcteda c t iv i ty
NEP 3 97 99
1 /CLAC E 1EP 2 134 136
2EP 2 102 104
NEP 3 97 99
2 /CLAC C/e 1EP 1 98 98
2EP 1 88 88
NEP 1 . 84 84
5/ALAC/CLAC C/e 1EP , 1 139 139
CLAC 1 51 51
NEP 1 108 108
8/CLAC E 1EP 1 131 131
2EP » 1 145 145
NEP 1 123 123
12/ALAC/CLAC E 1EP 1 109 109
CLAC 1 91 91
NEP r 130 130
14/a la c /c la c E 1Ep 2 112 114
CLAC . 1 89 89
NEP 1 145 145
15/a la c /c la c C/e 1EP 2 100 102
CLAC 2 64 65
NEP 1 89 89
18/CLAC C/e 1EP 1 85 85
2EP 2 100 102
Table 9^ (Exp.E2) E ffec ts  o f  feed in g  a vitam in E d e f ic ie n t  d ie t  to  ALAC
& CLAC hamsters on ind iv id u al female open f i e ld  la ten cy  
(secs) and open f i e l d  a c t iv ity  (number o f  squares 
crossed in  2 m ins).
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Gage/ s tr a in D iet Id ent. Latency A c tiv ity Correcteda c t iv i t y
3 /CLAC E
HEP
1EP
2EP
' 1 
1 
1
32
140
94
32
140
94
NEP ' 1 144 144
4/a la c C/e 1EP 1 174 174
2EP 1 40 40
NEP 1 159 159
6/ALAC C/e 1EP 1 154 154
2EP 1 123 123
NEP 1 30 30
7/a la c E 1EP 2 139 141
2EP 1 128 128
NEP 1 98 98
9 /CLAC C/e 1EP 1 133 135
2EP 1 114 114
NEP 1 107 107
10/CLAC C/e 1EP 1 95 95
2EP 2 82 83
NEP 1 67 67
ll/CLAC C/e 1EP 1 101 101
2EP 1 92 92
NEP 2 105 107
13/CLAC C/e 1EP 1 104 104
2EP 1 80 80
T a b le  9 ^  ( E x p .E 2 )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E d e f i c i e n t  d i e t  t o
C o n td  •
ALAC & CLAC hamsters on in d iv id u a l female open f i e l d  
la ten cy  (s e c s )  and open f i e ld  a c t iv i t y  (number o f  
squares crossed in  2 m ins).
M et C/e Control
M et E Vitamin E d e f ic ie n t
C age/strain M et Ident* Latency A ctiv ity Correcteda c t iv i t y
NEP i 112 112
1 6 /ALAC E 1EP 2 118 120
2EP 1 38 38
NEP 1 81 81
17/CLAC E 1EP 1 83 83
2EP 1 123 123
NEP 1 63 63
19/CLAC E 1EP 1 35 35
2EP 1 111 111
NEP 1 105 105
20/CLAC E 1EP 1 107 107
' 2EP 1 75 75
T a b l e  9 9  ( E x p .E 2 )  E f f e c t s  o f  f e e d i n g  a  v i t a m i n  E  d e f i c i e n t  d i e t  t o
.ALAC & CLAC h a m s t e r s  o n  t e r m i n a l  m a le  h a e m a t o lo g y  -
i n d i v i d u a l  o b s e r v a t i o n s *
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
C age-strain D iet AnimalIdent* Hb. RBC PCV MCV MCE MCHC WBC
NEP 1 6 .2 - 54 - - 30 5600
1-CLAC E 1EP 16*9 7*36 55 73 22 31 6100
2EP 16*2 7.44 55 75 22 29 8000
NEP 16.0 - 54 - - 30 8000
2-CLAC C/e 1EP 17 .0 7.43 53 71 23 32 5100
2EP 16.0 - 54 - - 30 7800
NEP 15-4 7*84 - . - 20 - 5500
5-ALAC/CLAC C/e 1EP 17.5 7.90 53 67 22 33 65OQ
CLAC 14.6 6.53 54 83 22 27 4700
NEP 15.6 6.88 54 78 23 29 5700
8-CLAC E 1EP 16.1 7.52 55 73 21 29 6600
2EP 16.1 6 .77 57 84 24 28 7300
NEP 15-8 8.21 - - 19 - 7200
12-ALAc/CLAC E 1EP 15.6 7.67 54 70 20 29 9400
CLAC 15.3 7 .49 53 71 20 29 8400
NEP 16.0 7.43 54 73 22 30 5300
1 4 -alac/ clac E 1EP 15.7 7.52 53 70 21 30 5300
CLAC I 6 .4 - - - - - 7100
NEP 16.1 8.10 — — 20 — 9000
15-ALAC/CLAC C/e 1EP 17.4 - - - - - 5700
CLAC 15.0 7.42 52 71 20 29 5300
NEP 16.2 7-44 55 75 22 29 5500
18-CLAC C/e 1EP 16.0 - - - - - 4300
2EP I 6 .5 7.70 55 71 21 30 6200
Not measured
T a b le  1 0 0  (Ebcp.E2) E f f e c t s  o f  fe ed in g ; a  v i ta m in  E d e f i c i e n t  d i e t  t o
ALAC & CLAC hamsters on term inal female 
haematology -  in d iv id u al ob servation s.
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
C age-strain D iet AnimalIdent, Hb. KBC PVC MCV MCH HCHC KBC
NEP 15.8 6.71 52 78 24 30 8300
3/CLAC E 1EP 15-4 6.12 50 82 25 31 8100
2EP 16.2 6.77 50 74' 24 32 8500
NEP 15.6 6.89 52 76 23 30 6000
4/ALAC C/e 1EP 16.7 7.16 51 71 23. 33 6400
2EP 12.6 5.93 45 76 21 28 7800
NEP 13.2 6.04 — - 22 — 7200
6 / ALAC C/e 1EP ■ - - - - - - -
2EP I 4 .9 7.00 49 70 21 30 4500
*
NEP — — — — ; — — —
7 /ALAC E 1EP 15-4 7.05 49 70 22 31 6700
2EP 14 .4 6.88 51 74 21 28 3100
NEP — — — — — — _
9 /clac C/e 1EP 16.0 6.80 51 75. 24 31 7500
2EP 16.0 6.72 52 77 24 31 6600
NEP 13.2 - 45 — - 29 5400
10/CLAC C/e 1EP 14.8 6.08 53 87 24 28 6800
2EP 16.0 - - - - - 5600
NEP 13.0 6.02 — — 22 — 6200
11/CLAC C/e 1EP 14.3 6.39 49 77 22 29 3700
2EP 16.2 7.49 54 72 22 30 7000
NEP 16.7 7.63 - - 22 — 6400
13/CLAC C/e 1Ep 17.1 6.89 - - 25 - 10400
2EP 16.2 6 .6  8 - - 24 - 7000
* Found dead 
-  Not measured
T a b le  1 0 0  (Ebcp.E2) E f f e c t s  o f  f e e d in g  a  v ita m in  E d e f i c i e n t  d i e t  t o
c o n td .
ALAC & CL AC hamsters on term inal female
haematology -  in d iv id u al observations.
D ie t C/e Control
D iet E Vitamin E d e f ic ie n t
Cage-Strain D iet AnimalId en t. Hb. RBC PVC MCV MCH MCHC ,WBC
NEP 17.0 - - - - - 5800
16/ALAC E 1EP 15.8 - - - . - - 7200
2EP 16.6 - - - - - 6200
NEP 17.2 7 . 81 ' 55 70 22 31 7600
17/CLAC E 1EP 15.6 - 51 - - 31 7000
2EP 16.1 7.99 55 69 20 29 9400
NEP 15.6 7.00 54 77 22 29 7900
19/CLAC E 1EP 15-7 7.33 52 71 21 30 7500
2EP 15 .8 6.78 51 75 23 31 '5600
NEP 15 .8 6.68 — — 24 — 8400
20/CLAC E 1EP 1 7 .4 6.61 - - 26 - 5400
2EP 16.5 6.69 ■— — 25 — 63OO
Not measured
T a b le  1 0 1  (E x p .E 2 ) E f f e c t s  o f  f e e d in g  a  v i t a m in  E d e f i c i e n t  d i e t  t o  ALAC
& CLAC h a m ste r s  on te r m in a l  m ale RBC o s m o tic  f r a g i l i t y
and serum v i ta m in  E v a l u e s  -  i n d iv id u a l  o b s e r v a t io n s .
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
C age/Strain D iet AnimalIdent.
Sodium ch loride  
cone (%) g iv in g  
50% haem olysis
Serum vitam in E 
(mg/lOOml)
NEP 0.406 ND
1-CLAC E 1EP 0 .434 ND
2EP 0.402 -
NEP O.404 0 .31
2-CLAC C/e 1EP 0.437 -
2EP 0.406 O.56
NEP O.424 —
5-ALAC/CLAC C/e 1EP 0.434 -
CLAC 0.407 O.64
NEP 0.370 ND
8-CLAC E 1EP 0.424 ND
2EP 0.412 ND
NEP 0.4 0 7 —
12-ALAC/CLAC E 1EP 0.390 -
CLAC 0.431 ND
NEP 0.408 -
14-ALAC/CLAC E . 1EP 0.428 -
CLAC * -
NEP O.429 —
15-a la c /c la c C/e 1EP 0.418 -
CLAC 0.409 0 .4 9
NEP . 0.426 0 .27
18-CLAC C/e ' 1EP O.363 0.62
2EP 0 .4 3 2 - —
£  No r e s u lt  
-  Not measured 
ND Not d etectab le
1 0 2  (E xp .E 2) E f f e c t s  o f  f e e d in g  a  v i ta m in  E d e f i c i e n t  d i e t  to  ALAC
& CLAC hamsters on term inal female RBC osmotic f r a g i l i t y  
and serum vitam in E va lu es — in d iv id u a l observations*
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Cage/Strain D iet AnimalIdent.
Sodium ch lor id e  
conc. (%) g iv in g  
50% haem olysis
Serum vitam in E 
(mg/lOOml)
NEP 0.396 —
3/CLAC E 1EP O.404 -
2EP 0.394 -
NEP 0.446 —
4/ALAC C/e 1EP 0.450 -
2EP 0.428 —
NEP 0.436 —
6 / alac C/e 1EP -
2EP 0.411 -
NEP —
7 / alac E 1EP 0.450 -
2EP 0.431 -
NEP 0.403 —
9 / CLAC C/e 1EP 0.406 -
2EP £ —
NEP 0.408 0 .3 4
1 0 /CLAC C/e , 1EP 0.427 0 .42
2EP 0.445 0 .17
NEP
ll/CLAC C/e 1EP 0.409 0 .37
2EP O.43I 0 .58
NEP 0.415 _
1 3/CLAC C/e 1EP 0.396 -
2EP 0.395 -
/  No r e s u lt  
-  Not measured
T a b le  1 0 2  (E x p .E 2 ) E f f e c t s  o f  f e e d in g  a  v i t a m in  E d e f i c i e n t  d i e t  t o  ALAC
C on td .
& CLAC hamsters on term inal female RBC osmotic f r a g i l i t y  
and serum vitam in E va lu es -  in d iv id u a l ob servation s.
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
C age/Strain D iet AnimalIdent.
Sodium ch lorid e  
conc. (%) g iv in g  
50% haem olysis
Serum vitam in E 
(mg/lOOml)
NEP 0.431
16/ALAC E 1EP 0.427 -
2EP 0.425 -
NEP 0.400 ND
17/CLAC E 1EP />
2EP O.366 ND
NEP 0.418 ND
19/CLAC E 1EP
2EP 0.405 ND
NEP O.388 —
2 0 /CLAC E 1EP 0.408 -
2EP 0.412 -
/  No r e s u lt  
ND Not detectab le  
-  Not measured
T a b le  1 0 3  (E x p .E 2 ) E f f e c t s  o f  f e e d in g  a  v i ta m in  E d e f i c i e n t  d i e t  t o
ALAC & CLAC hamsters on the d ia lu r ic  acid  
haem olysis t e s t  -  in d iv id u a l observation
D iet C/e Control
D iet E Vitamin E d e f ic ie n t
Sex D iet C age/Strain Id e n t if ic a t io n  % Haemolysis
M C/e 5/CLAC NEP 9.1
1 8 /CLAC NEP 9*6
18/CLAC 2EP 7 .7
M E 8 /CLAC NEP 97.7
8 /CLAC 2EP 108.6
12/CLAC 1EP 106.0
F C/e 10/CLAC 1Ep 18.2
11/CLAC 1EP 10.7
11/CLAC 2EP 8 . 4
F E 19/CLAC NEP 108.0
19/CLAC 1EP 98.1
19/CLAC 2EP 102.3
T a b le  104  (E x p .E 2 ) E f f e c t s  o f  f e e d in g  a  v i ta m in  E d e f i c i e n t  d i e t  t o
ALAC & CLAC h a m s te r s  on i n d iv id u a l  m ale  organ  w e ig h t s  ( g )
D iet C/e Control
D iet E Vitamin
S tra in  1-CLAC 2-CLAC 5-ALAC/CLAC 8-CLAC
D iet E C/e C/e E
Ident* NEP 1EP 2EP NEP 1EP 2EP NEP 1EP CLAC NEP 1EP 2EP
Terminal
hody
w eight(g)
117 119 102 105 110 97 88 88 112 124 115 115
Body
len g th
(cm)
1 6 .0  16.0 14.5 15.5  15*5 15.0 14.0 15.5  15-5 15.5  15.5  15*0
Heart .464 .408 .372 .430 .421 .431 .426 .432 .491 .489 .404 .439
Lungs .827 .576 .495 .640 .576 .506 .517 .501 .589 .656 .594 .542
Spleen .228 .106 .099 .189 .108 .167 .124 .109 .130 .162 .138 .122
Kidney .486 .456 .444 .465 .413 .467 .393 .390 .533 .461 .456 .442
T e s tis 1 .58  1.61 0 .96 1.70 1 .49  1*33 1.66  1 .80  1 .58 1 .61  I .63 1 .07
T e s t is
fa t 1.35 1 .88 1.06 0.95 1.75 0 .85 0 .77  0 .8 7  1*24 1 .4 7  I .63 1 .47
Liver 5.77  6.76 5-33 5-53 5.40 4.45 3.66 3 .34  6.61 8 .0 4  6 .71 5*94
Abdominal
fa t 0 .98  1.80 0.76 0.61 1 .84  0 .50 0 .57  0*97 0 .83 1 .28  1 .45  1-43
T a b le  1 0 4  (E X p.E 2) E f f e c t s  o f  f e e d in g  a  v i ta m in  E d e f i c i e n t  d i e t  t o  ALAC
c o n td .
& CLAC hamsters on in d iv id u a l male organ w eights (g )
D ie t C/e Control
D ie t E Vitamin E d e f ic ie n t
Cage- 
Strain 12-ALAC/ CLAC 14-ALAC/CLAC 15-ALAC/CLAC 18-CLAC
D iet E E C/e C/e
Animal
Ident. NEP 1EP CLAC NEP 1EP CLAC NEP 1EP CLAC NEP 1EP 2EP
Terminal
body
w eight(g)
89 76 104 89 91 89 93 82 122 134 106 94
Body
length
(cm)
14.5 14.0  15 .0 14.0 15 .0  15.0 14.5 14.5 15.5 16 .6  16 .0 14 .5
Heart .411 •547 .459 •394 .435 .419 .416 •348 .465 .520 .416 • 434
Lungs .587 •447 .555 •574 -587 .473 .552 .505 .520 .667 .634 .522
Spleen .099 •337 .085 .148 ^ .106 .100 .103 .123 .115 .106 .103
Kidney •441 •347 .439 •394 .436 .424 .439 .380 .450 ■•474 .373 .367
T estis 1.50 1 .16  1 .25 1.47  1 .41 1 .35 1 .7 9  1 .67  1.62 I .71 1 .6 9  1 .43
T estis
fa t 1 .04  O.72 1 .71 O.83 0 .89  1*67 0.87  0 .83  1 .73 1 .95  1.45 1.25
Liver 3.61 3 .67  5*85 4.16 3.57 5 .5 4 3.79  3.60 7 .83 7 .3 4  5 .13  5 .22
Abdominal
fa t
1 .06  I .63 1 .26 1.08 1.13 I .43 0 .8 9  1 .01  1 .75 2 .0 6  1 .1 3  1 .2 9
M issing observation .
T a b le  1 0 5  (E x p .E 2 ) E f f e c t s  o f  f e e d in g  a  v ita m in  E d e f i c i e n t  d i e t  t o  ALAC
& CLAC h a m ste r s  on in d iv id u a l  fe m a le  org a n  w e ig h t s  (g )
D iet C/e Control
D iet E Vitamin
Cage-
S tra in 3-CL AC 4-ALAC 6 - alac 7-ALAC
D iet E C/e C/e E
Animal
Ident* NEP 1EP 2EP NEP 1EP 2EP NEP 1EP 2EP NEP 1EP 2EP
Terminal
body
w eight(g)
121 114 100 108 111 108 93 90 71 * 85 117
Body
len gth
(cm)
£ 15.5  15*0 15.5  15*5 15*0 15.0  14.5 13.5 £ 14.0
Heart .456 *381 .450 .501 .457 -511 ^ -587 • 428 • 381 .417
Lungs .619 .607 .621 .706 .649 .737 .645 -573 .538 .645 •537
Spleen .161 .219 .128 .181 .220 .353 .220 .144 .122 .163 .130
Kidney .525 .448 *438 .490 .402 .534 .307 .420 *468 .400 .380
Ovary .025 .021 .015 .021 .014 -028 .020 .019 .021 .015 .020
Uterus .176 .163 .203 .141 .127 1.25 .284 *109 1-879 .230 .228
Liver 6 .84  6.33 4 .88 4.45 3*67 6.33 4.57 3-61 3.13 3 .8 4  3.46
Abdominal
fa t 2 .42  1*93 1 .56 2.35 1 .69  0.60 0 .87  1 .27  0 .60 1 .1 4  0 .8 4
* Pound dead 
/  M issing observation .
T a b le  1 0 5  (E x p .E 2 ) E f f e c t s  o f  f e e d in g  a  v i ta m in  E d e f i c i e n t  d i e t  t o  ALAC
C ontd .
& CLAC hamsters on in d iv id u a l female organ w eights (g )
D iet C/e Control
D iet E Vitamin
Cage- 
S tra in 9-CLAC 10-CLAC 11-CLAC 13-CLAC
D iet C/e C/e C/e C/e
Animal
Id en t. m P  1EP 2EP NEP 1EP 2EP NEP 1EP 2EP NEP 1EP 2EP
Terminal
body
w eight(g) 117 106 116 128 102 110 96 101 106 115 111 129
Body
len gth
(cm)
16 .0  15.5  15*5 15.5  15.0  15.5 14.0 £ 15 .0 15.5 15 .0  15 .5
Heart .424 -461 .404 .522 .489 .467 .391 .500 .481 .441 .449 .476
Lungs- .609 .638 .631 .603 .618 .602 .576 .653 •558 • 636 .711 .632
Spleen .134 .233 .154 .309 .254 *266 .173 .169 .152 .147 .171 .147
Kidney .428 .448 .435 .481 .505 .493 .406 .544 .442 •437 .446 .514
Ovary .024 .012 .019 .024 .026 .032 .015 .022 .017 .024 .024 .024
TJterus .205 .160 .147 1.430 .358 .332 2.502 .350 .216 1.406 .180 .201
Diver 5.06  3 .57  6.52 7.50 5 .49  5 .12 5 .67  5 .1 6  4.06 5.72 5 .1 9  f  '
Abdominal
fa t 2 .33  I .94 2 .71 1.55  1.01 1 .33 0 .77  1 .00 1 .9 4 2 .1 4  2 .1 9  3 .18
^ M issing observation .
T a b le  1 0 5  (E x p .E 2 ) E f f e c t s  o f  f e e d in g  a  v i ta m in  E d e f i c i e n t  d i e t  t o  ALAC
C on td .
& CLAC hamsters on in d iv id u a l female organ w eight (g)
D iet C/e Control
D iet E Vitamin
Cage-
S tra in 16.-ALAC 17--cue 19-CLAC 20-CLAC
D iet E E E E
Animal
Ident. NEP 1EP 2EP NEP 1EP 2EP NEP 1EP 2EP NEP - 1EP 2EP
Terminal
body
w eight(g)
30? * 88 113 * 111 102 106 111 104 104 96
Body
len gth
(cm)
15*5 £ 15*5 15.0 15.0 15.5  15.5 15 .5  15 .0  14.5
Heart .519 .401 .487 • 435 •439 .448 .576 .406 .424 .410
Lungs .909 •571 .689 .673 .643 .651 .691 .655 .661 .629
Spleen .195 .165 .166 .150 .171 .171 .180 .1 6 0 ..1 4 5  *120
Kidney •  4^6 • 356 .510 .618 .500 .502 .596 .502 .400 .449
Ovary .016 .012 .021 .026 .027 .028 .209 .018 .016 .019
Uterus .204 .235 .499 .258 .282 .172 .225 .172 .1 6 8 ..1 8 7
Liver 4 .70 3-46 7.74 5 .79 4.75 5 .30  5 .2 4 6.85  5*78 5 .1 4
Abdominal
fa t 1 .85 1.12 1.33 1.97 0 .8 9  1-51 1 .1 9 1 .6 8  1 .83  1«53
£  M issing observation  
* Found dead
T a b le  1 0 6  (E x p .1 1 ) E f f e c t s  and i n t e r a c t i o n s  o f  f e e d in g  d i e t s  c o n t a in in g
d iffe r e n t vitam in A and vitam in E concentrations to  
WO male hamsters on in d iv id u a l weekly body w eights (g)
D iets 1 to  12 described  in  te x t
D iet 1 2 5 4 5 6 7 8 9 10 11 12
Hamster No. 22 8 54 6 55 29 9 18 7 5 14 11
Day
\
0 45 40 42 40 45 46 58 41 45 40 57 45
7 65 58 65 55 59 56 57 58 69 55 62 59
14 . 78 75 85 65 75 75 74 79 85 68 79 72
21 91 85 96 45 89 88 86 94 87 75 85 84
28 102 91 96 46 105 101 95 109 82 80 96 95
Terminal-31 109 96 97 55 109 106 98 116 90 85 101 98
D iet 1 2 5 4 5 6 7 8 9 10 11 12
Hamster No. 5 28 27 15 26 2 1 4 50 15 20 52
Day
0 40 40 57 59 42 56 59 40 46 56 46 ' 45
7 49 59 59 60 62 55 65 57 64 46 66 55
14 64 77 70 77 81 69 77 66 88 54 80 58
21 77 88 85 88 94 80 90 70 108 65 95 76
28 85 99 94 98 106 87 102 77 121 65 106 89
Terminal-31 88 107 101 103 111 95 105 81 127 68 115 95
D iet 1 2 5 4 5 6 7 8 9 10 11 12
Hamster No. 10 17 56 21 19 16 55 51 25 24 12 25
Day
0 41 46 41 42 46 44 41 42 57 44 42 42
7 52 61 60 59 54 64 61 65 59 63 53 57
14 65 76 74 77 65 78 75 81 76 79 65 69
21 76 92 85 91 61 86 88 94 89 95 73 80
28 89 103 96 103 64 92 97 100 98 108 78 94
Terminal-31 94 110 101 108 67 95 101 104 104 114 84- 102
T a b le  1 0 7  (E x p .I 1 )  E f f e c t s  and i n t e r a c t i o n s  o f  f e e d in g  d i e t s  c o n ta in in g
d iffe r e n t vitam in A and vitam in E concentrations to  WO 
male hamsters on in d iv id u a l term inal measurements 
(a t  Day 51)
D ie ts  1 to  12 described  in  te x t
D iet HamsterNo.
Increase  
in  BW(g)
L eft 
t e s t i s  
w t. (mg)
L eft 
t e s t i s  wt 
(mg/lOOg)
Dry femur 
wt.(m g)
Dry 
femur w t. 
( g/lOOg)
Femur
len gth
(mm)
1 22 66 1250 1147 76 70 21 .4
2 8 56 1179 1228 68 71 20.8
3 34 55 770 794 64 66 20.6
4 6 15 76 138 41 75 1 8 .4
5 - 33 64 879 806 71 65 21.2
6 29 60 1360 1283 57 54 21.6
7 9 60 577 589 63 64 21.5
8 18 75 660 569 71 61 21.2  •
9 7 55 1231 . 1368 56 62 21.1
10 3 43 370 446 45 54 —
11 14 64 1642 1626 63 62 —
12 11 53 1283 1309 63 64 21.3
1 5 48 368 418 77 88
2 28 67 1015 949 58 54 20.3
3 27 64 1459 1446 64 63 21 .0
4 13 66 613 584 68 65 2I .9
5 26 69 560 505 68 61 2 1 .4
6 2 57 1038 1138 64 69 20 .7
7 1 66 670 638 68 65 2 0 .9
8 '4 41 676 836 56 69 I 9.6
9 30 81 1716 1351 66 52 20 .7
10 15 32 68 100 51 75 18 .7
11 20 67 1214 1074 65 58 21 .8
12 32 53 893 940 40 42 —
1 10 53 318 338 64 68 20 .0
2 17 64 1272 1156 72 65 21 .4
3 36 60 1263 1250 64 63 2 0 .8
4 21 66 210 194 71 66 21.3
5 19 21 101 151 53 79 19 .3
6 16 51 1442 1518 68 72 —
7 35 60 1053 1043 74 73 22.2
8 31 62 1320 1269 — — —
9 23 67 1187 1141 56 54 —
10 24 70 630 553 67 59 2 1 .8
11 12 42 232 27 6 54 64 19 .2
12 25 60 1445 1417 62 61 2 1 .9
-  M issing observation
T a b le  108  (E x p . 1 2 ) E f f e c t s  and i n t e r a c t i o n s  o f  f e e d in g  d i e t s  c o n t a in in g
d iffe r e n t vitam in A and vitam in E concentrations to  
CLAC hamsters on ind iv idu al weekly male body 
w eights (g) to  Day 35
D iets  1 to  9 described in  t e x t .
D iet 1 2 3 4 5 6 7 8 9
Hamster No. 5 6 8 7 3 2 4 9 1
Day
,  0 44 55 60 64 53 59 52 61 57
7 57 68 74 80 67 69 65 74 72
14 66 75 82 89 74 75 72 82 82
21 72 78 86 97 76 79 77 86 91
28 75 80 93 100 77 84 84 87 95
35 76 84 101 103 81 87 92 94 104
D iet 1 2 3 4 5 6 7 8 9
Hamster No. 18 15 16 17 13 10 12 14 11
Day
0 62 66 56 58 59 64 64. 57 59
7 75 77 67 73 70 77 78 69 73
14 83 84 83 83 80 84 86 78 85
21 83 83 90 87 83 85 95 84 89
28 82 87 92 89 83 89 96 91 87
35 85 88 95 94 93 98 108 99 85
T a b le  109 (E x p .1 2 ) E f f e c t s  and i n t e r a c t i o n s  o f  f e e d in g  d i e t s  c o n t a in in g
d if fe r e n t  vitam in A and vitam in E concentrations to
CLAC hamsters on in d iv id u a l weekly female body 
w eights (g) to  Day 55
D iets  1 to  9 described in  te x t .
D iet 1 2 3 4 5 6 7 8 9
Hamster 5 6 8 7 3 2 4 9 1
Day
0 57 57 55 59 56 65 55 61 57
7 58 70 72 73 73 80 64 65 63
14 59 78 86 79 84 94 72 66 54
21 61 81 94 85 85 104 77 71 59
28 74 80 93 93 90 109 77 70 64
35 68 83 98 87 102 116 87 96 71
D iet 1 2 3 4 5 6 7 8 9
Hamster 18 ' 15 16 17 13 10 12 14 11
Day
0 57 59 56 52 49 62 60 56 57
7 60 54 64 57 64 77 75 67 74
14 63 55 79 62 73 92 85 76 88
21 64 64 83 66 78 100 88 73 75
28 68 71 86 71 92 109 86 75 76
35 72 82 88 71 89 118 108 92 75
T a b le  1 1 0  (E xp . 1 2 ) E f f e c t s  and i n t e r a c t i o n s  o f  f e e d in g  d i e t s  c o n t a in in g
d iffe r e n t vitam in A & vitam in E concentrations to  
CLAC hamsters on in d iv id u a l male ~body w eights (g) 
from Lay 42
D ie ts  1 to  9 described in  t e x t .
D iet 1 2 3 4 5 6 7 8 9
Hamster No. 5 6 8 7 3 2 4 9 1
Day-
42 76 89 110 98 86 91 110 104 110
49 84 98 115 100 92 94 117 110 118
56 89 103 115 103 94 94 123 115 123
63 97 105 118 105 96 94 127 118 128
70 103 110 121 107 100 98 133 121 131
84 109 115 119 114 103 102 157 127 134
98 112 114 130 117 107 109 143 129 138
112 116 117 132 117 111 112 150 131 141
126 114 120 122 122 116 114 154 137 146
140 118 123 129 127 118 116 156 138 148
154 120 120 129 125 122 114 159 137 146
168 120 + 130 127 120 114 157 138 148
182 122 128 129 122 114 159 139 149
196 120 127 126 124 114 160 159 150
210 119 130 125 128 115 161 137 149
+ K illed
T a b le  1 1 0  (E xp . 1 2 )  E f f e c t s  and i n t e r a c t i o n s  o f  f e e d in g  d i e t s  c o n t a in in g
c o n td .
d if fe r e n t  vitam in A & vitam in E con cen tration s to  
CLAC hamsters on in d iv id u a l male body w eights (g )  
from Lay 42
D iets  1 to  9 described in  t e x t .
D iet 1 2 3 4 5 6 7 8 9
Hamster No. 18 15 16 17 13 10 12 14 11
Day-
42 88 96 94 103 97 104 114 105 91
49 95 106 104 110 103 108 117 109 94
56 105 113 107 110 i l l 109 120 112 98
65 106 115 110 116 109 109 124 115 99
70 111 118 115 121 110 112 128 117 103
84 114 125 119 124 115 119 131 124 112
98 118 127 124 127 116 126 134 125 117
112 124 130 128 124 120 127 134 121 120
126 127 130 134 135 122 133 138 130 126
140 134 136 133 136 124 133 140 135 122
154 135 134 135 132 125 135 138 131 118
168 135 136 . 138 131 123 136 143 127 116
182 130 140 140 128 124 139 142 123 113
196 123 137 138 126 125 140 135 124 115
210 129 141 143 127 123 138 135 124 117
T a b le  1 1 1  (E x p .1 2 ) E f f e c t s  and i n t e r a c t i o n s  o f  f e e d in g  d i e t s  c o n t a in in g
d if fe r e n t  vitam in A & vitam in E concentrations to  
CLAC hamsters on in d iv idu al female body w eights (g) 
from Day 42
D ie ts ! 1 to  9 d escr ib ed in te x t
D iet 1 2 3 4 5 6 7 8 9
Hamster No. 5 6 8 7 3 2 4 9 1
Day-
42 79 95 103 87 95 93 77 83 77
49 73 ++ 107 91 101 91 81 95 101
84 98 115 95 125 97 1 93 100 85
112 83 115 97 132 106 102 103 86
140 83 111 105 133 103 102 103 86
168 89 114 105 115 98 95 104 89
196 87 119 103 135 94 100 103 88
D iet 1 2 3 4 5 6 7 8 9
Hamster No. 18 15 16 17 13 10 12 14 11
Day
42 79 75 96 80 84 97 102 78 71
49 73 78 91 80 92 98 102 77 76
84 89 79 95 82 92 129 113 83 85
112 80 82 110 79 92 105 114 87 85
140 74 79 97 90 110 115 90 ++
168 78 89 108 90 108 116 89
196 79 87 105 84 108 106 91
++ Found dead
T a b le  11 2  (E xp . 1 2 ) E f f e c t s  and i n t e r a c t i o n s  o f  f e e d in g  d i e t s  c o n t a in in g
d if fe r e n t  vitam in A and vitam in E concen trations to  
CLAC hamsters on in d iv id u a l breeding periSsnnance
D ie ts  1 to  9 described in  t e x t .
D iet
Female No.
1
5
2
6
3 4 
8 7
5
3
: 6 
2
7
4
8
9
9
1
No. l i t t e r s  bom 1 2 0 3 l + 2 3 1
1 s t  l i t t e r  born,
Day 69 48 37 65 35 55 49
L it te r  s iz e
Day 0 1 3 6 5 1 6 5 5
2 3 5 8 1
3 2 6
Day 5 1 2 0 0 0 2 2 .  0
2 2 0 3 0
3 0 0
Day 21 No pups survived to  weaning
+ Pound dead
T a b le  1 1 2
c o n t d .
( E x p . I 2 )  E f f e c t s  a n d  i n t e r a c t i o n s  o f  f e e d i n g  d i e t s  c o n t a i n i n g
d i f f e r e n t  v i t a m i n  A an d  v i t a m i n  E  c o n c e n t r a t i o n s  t o
CLAC h a m s t e r s  o n  i n d i v i d u a l  b r e e d i n g  p e r f o r m a n c e
D ie ts  1 to  9 described in  te x t
D iet 1 2 3 4 5 6 7 8 9
Female No. 18 15 16 17 13 10 12 14 11
No. l i t t e r s  born 1 2 2 1 2 2 1 4 0
1 s t  l i t t e r  born,
Day 187 39 66 48 35 37 39 37
L it te r  s iz e
Day 0 1 2 4 1 6 4 5 3 4
2 2 2 2 2 5
3 . 5
4 1
Day 5 1 0 0  0 1 0 0 0 1
2 0 0 0 0 0
3 ’ 3
4 0
D a y  2 1 N o p u p s  s u r v i v e d  t o  w e a n in g
T a b le  1 1 3  ( E x p .0 1 )  E f f e c t s  o f  f e e d i n g  d i e t s  w i t h  d i f f e r e n t  t y p e s  o f
o i l  t o  CLAC h a m s t e r s  o n  i n d i v i d u a l  m a le  b o d y  w e i g h t  ( g )
D iet FI -  +Arachis o i l
D ie t F2 -  +Aerated axach is o i l
D iet F3. -  +Sunflowerseed o i l
D iet F4 -  PRD
D iet F1 F2
a le  No. 3 5 9 15 19 2 8 1 14 17
Day
0 39 35 35 35 37 37 33 35 36 42
7 58 55 60 57 59 58 55 57 59 64
14 77 71 82 80 80 73 71 81 78 83
21 87 78 97 91 90 86 80 96 90 95
28 91 85 105 103 99 94 84 100 94 103
35 97 90 107 H i 105 102 90 101 106 107
42 100 96 114 117 112 104 95 111 116 114
49 102 100 120 124 117 106 95 117 128' 120
56 104 103 124 133 122 108 94 121 135 126
63 110 104 119 108 100 127
70 110 107 133 112 101 134
77 117 110 117 106
T a b le  1 1 3  ( E x p .0 1 )  E f f e c t s  o f  f e e d i n g  d i e t s  w i t h  d i f f e r e n t  t y p e s  o f  o i l
C o n t d .
to  CLAC hamsters on in d iv id u a l male body w eights (g)
D iet El — +Arachis o i l
D ie t E2 -  +Aerated arach is o i l
D iet F3 -  +Sunflowerseed o i l
c
D iet F4 -  PM)
D iet 
Male No.
F3 F4
1 7 12 16 18 4 6 10 13 20
Day
0 38 34 40 34 41 35 29 37 31 34
7 55 58 63 55 64 56 48 59 54 59
14 71 76 82 72 86 75 63 78 74 79
21 82 86 94 83 95 87 72 89 87 93
28 86 92 100 90 104 92 73 95 95 104
35 94 97 106 96 110 98 82 99 98 104
42 97 97 111 105 116 104 89 103 105 113
49 101 105 117 115 123 110 96 105 117 124
56 105 109 121 122 128 111 100 108 123 130
63 109 112 120 111 97 112
70 109 115 123 108 98 116
77 114 118 - 114 96
T a L le  1 1 4  ( E x p .0 1 ) E f f e c t s  o f  f e e d i n g  d i e t s  w i t h  d i f f e r e n t  t y p e s  o f  o i l
to  CLAC hamsters on ind iv id u al fem ale body w eights (g )
D iet FI -  +Arachis o i l
D iet F2 -  +Aerated arach is o i l
D iet F3 -  +Sunflowerseed o i l
D iet F4 -  .PHD
D iet F1 F2
Female No. 3 5 9 15 19 2 8 11 14 17
Day
0 30 37 28 35 33 37 28 35 32 39
7 40 52 51 57 55 5 6 49 58 51 61
14 54 67 72 79 78 70 60 85 68 81
21 64 73 86 89 90 82 72 102 76 93
28 74 78 95 99 101 86 79 109 84 100
35 85 81 98 111 116 96 86 111 93 105
42 101 96 110
01—1 n o 11 117 109L 124k n c f 1 114
49 111 9 * 116 111 113 96 89 111 101 126
56 122 85 130 127 115 114 98 116 108 146
63 116L 91 129k 111L 12 J* 138
70 118 11^ 129 104 87 128
77 126 93 104 104
L L itte r  "born
T a b le  1 1 4  ( E x p .0 1 )  E f f e c t s  o f  f e e d i n g  d i e t s  w i t h  d i f f e r e n t  t y p e s  o f  o i l
C o n t d .
to  CLAC hamsters on in d iv id u a l female body w eights ( g )
D iet F1 -  +Arachis o i l
D iet E2 -  +Aerated arachis o i l
D iet F3 -  +Sunflowerseed o i l
D iet F4 -  PRD
D iet
Female No.
F3 F4
1 7 12 16 18 4 6 10 13 20
Day •
0 37 32 40 40 39 33 35 38 33 34
7 57 49 60 64 61. 52 54 58 55 57
14 71 67 82 84 82 70 72 78 76 79
21 86 81 94 100 95 82 84 94 88 94
28 94 92 104 110 108 90 87 102 103 107
35 97 110 105 113 121L 92 93 106 109 108
42 110 9 ^  1271, 129 116 108 ncf' 106 13^ 115
49 91 101 118 1 2 & 122 9 & 96 115 i l l 133
56 88 127k 117 156 146 92 93 1 0 ^ 103 163
63 83 101 122 95 103 91
70 90 99 120L 97L 86
77 125 107 89 79
L L itte r  born
T a b le  1 1 5  ( E x p .0 1 )  E f f e c t s  o f  f e e d i n g  d i e t s  w i t h  d i f f e r e n t  t y p e s  o f  o i l
t o  CLAC h a m s t e r s  on  i n d i v i d u a l  b r e e d i n g  p e r f o r m a n c e
D iet F1 -  +Arachis o i l
D iet F2 -  +Aerated arach is o i l
D iet F3 -  +Sunflow6rseed  o i l
D iet F4 -  PHD
D iet F1 F2
Female No. 3 ' 5 9 15 19 2 8 11 14 17
No. l i t t e r s  bom  1 2 1 1 1 1 2 1 1 0
1 s t  l i t t e r  bom ,
Day 62 49 54 41 41 61 45 41 43 <
4 2 4
3
0 0 1
0
L itte r  s iz e
Day 0 1 5 5 5  6 2 1
2 5
Day 5 1 1 1 0  1 0  0
2 0
D a y  2 1 No p u p s  s u r v i v e d  t o  w e a n in g
T a b le  1 1 5  ( E x p .0 1 )  E f f e c t s  o f  f e e d i n g  d i e t s  w i t h  d i f f e r e n t  t y p e s  o f  o i l
C o n t d .
to  CLAC hamsters on in d iv id u a l breeding performance
D iet F1 -  +Arachis o i l
D iet F2 -  +Aerated arach is o i l
D iet F3 -  +Sunflowerseed o i l
D iet F4 -  PRD
D iet F3 F4
Female No. 1 7 1 2  16 18 4 6 10 13 20
No. l i t t e r s  born
1 s t  l i t t e r  born,
Day
L it te r  s iz e  
Day 0 1
2
Day 5 1
2
1 2 1 1  1 2 2 1 1 0
49 42 48 48 3 9 49 46 51 45
6 2 5 6 5 8 7 6 8  
3 7 5
4 0 0 4 0 6 2 5 8  
0 6 4
D a y  2 1  1
2
3 O O 3 O O 2  3 6
0 6 4
T a b le  1 1 6  ( E x p .0 2 )  E f f e c t s  o f  s u p p le m e n t in g  s u n f l o w e r s e e d  o i l  w i t h
methyl lin o len a te  or m ethionine in  the d ie t  of 
CLAC hamsters on in d iv id u a l male body w eight (g)
D iet F2 -  +Aerated arachis o i l
D iet F3A -  +Sunflowerseed o i l  + methionine
D iet F3® -  +Sunflowerseed o i l  + methyl lin o le n a te
D iet F4 -  ERD
D iet F2 F3A
Male No. 2 8 11 14 17 1 7 12 16 18
Day
0 113 109 135 . 128 118 111 98 116 119 128
7 111 103 127 121 118 108 93 113 119 127
14 113 104 125 134 123 108 93 115 124 125
. 2-1 112 101 125 129 117 108 94 115 124 131
28 115 103 133 129 115 110 95 115 125 129
35 115 102 129 126 116 * • 95 117 124 130
42 113 102 128 * 95 116
49 112 102 123 112 122 95 115 123 130
56 112 101 £ 124 128 131 136
63 112 101 127 132 132 94 116 134 142
* K illed
£  M issing observation
T a b le  1 1 6  ( E x p .0 2 )  E f f e c t s  o f  s u p p l e m e n t i n g  s u n f l c w e r s e e d  o i l  w i t h  m e t h y l
C o n t d .
lin o le n a te  or m ethionine in  the d ie t  o f CLAC ham sters 
on in d iv id u a l male body w eight (g )
D iet F2 -  +Aerated arach is o i l
D iet F3A -  +Sunf lower seed o i l  + m ethionine
D iet F3B -  +Sunflowerseed o i l  + methyl lin o le n a te
D iet F4 -  PRD
D iet F3B F4
Male No. 3 5 9 15 19 4 6 10 13 20
Day
0 120 110 132 124 115 119 120 126 116 121
7 112 105 125 124 114 111 111 120 116 113
14 112 107 125 124 119 109 111 120 123 124
21 109 108 120 125 119 108 112 121 118 121
28 115 110 126 124 118 114 120 120 118 120
35 111 110 120 125 118 112 117 122 116 121
42 111 109 118 f 113 114 120 /
49 107 109 118 132 121 108 114 120 114 90
56 £ 132 120 £ £ 118 96
63 110 115 126 138 130 108 113 120 128 120
£  M issing observation
T a b le  1 1 7  ( E x p * 0 2 )  E f f e c t s  o f  s u p p le m e n t in g  s u n f l o w e r s e e d  o i l  w i t h
m e t h y l  l i n o l e n a t e  o r  m e t h i o n i n e  i n  t h e  d i e t  o f
CLAC h a m s t e r s  o n  I n d i v i d u a l  f e m a l e  b o d y  w e i g h t  (g)
D iet F2 -  +Aerated arachis o i l
D iet F3A -  +Sunflowersee& o i l  + methionine
D iet P3B -  +Sunflowerseed o i l  + methyl lin o len a te
D iet F4 -  PRD
D iet
Female
. F2 F3A
No. 2 8 U 14 17 1 7 12 16 18
Day
0 98 90 130 128 140 74 82 87 104 106
7 116 87 138 130 145 83 83 100 100 111
14 101 84 145 145 161 89 88 101 111 120
21 105 97 150 159 183 65 89 101 134 143
28 113 89 160 143 160 * 91 110 114 118
35 139 103 161 144 152 110 142 102 106
42 120 90 160 £ 93 110
49 119 88 158 149 162 87 102 100 96
56 A 157 159 112 115
63 116 90 165 172 180 84 9 6 I 36 139
* K illed
^ M issing observation
T a b le  1 1 7  ( E x p .0 2 )  E f f e c t s  o f  s u p p l e m e n t i n g  s u n f l o w e r s e e d  o i l  w i t h
C o n t d .
methyl l in o le n a te  or m ethionine in  the d ie t  o f 
CLAC hamsters on in d iv id u a l female body w eight (g )
D iet F2 -  +Aerated arachis o i l
D iet F3A -  +Sunflowerseed o i l  + m ethionine
D iet F3B -  +Sunf lower seed o i l  + methyl lin o le n a te
D iet F4 -  PRD
D iet F3B F4
Female No. 3 5 9 15 19 4 6 10 13 20
Day
0 120 111 131 130 124 94 100 141 148 130
7 130 94 126 133 134 89 102 121 157 134
14 132 94 130 140 151 82 104 109 173 148
21 137 100 135 152 145 92 108 101 177 I 63
. 28 146 105 150 122 132 104 116 118 175 138
. 35 142 89 166 105 126 132 116 128 171 130
42 135 86 139 98 118 149 £ f
49 138 90 117 86 149 85 117 125 171 118
56 i £ 97 I 64 189 145
63 141 99 125 108 176 91 121 106 203 167
£  M issing observation
T a b le  1 1 8  ( E x p .0 2 )  E f f e c t s  o f  s u p p le m e n t in g  s u n f l o w e r s e e d  o i l  w i t h
methyl lin o len a te  or m ethionine in  the d ie t  o f  
CLAC hamsters on in d iv id u al breeding -performance
D iet F2 -  +Aerated arachis o i l
D iet FJA -  +Sunflowerseed o i l  + methionine
D iet FJB -  +Sunflowerseed o i l  + methyl lin o len a te
D iet F4 -  PRD
D iet
Female No.
F2 F3A
2 8 11 14 17 1 7 12 16 18
No. l i t t e r s  bom 0 2 0 2 2 2 1 2 2 1
1 s t  l i t t e r  born,
days a fte r  mating 20 16 19 16 24* 25 20^ 19
L it te r  s iz e
Day 0 1 5 2 6 8 6 3 2 6
2 2 5 3 7
Day 5 1 4 2 6 7 5 3 0 5
2 1 4 0 7
Day 21 1 0 0 3 0 0 3 0 3
•
2 0 0 0 2
Second mating
T a b le  1 1 8  ( E x p .0 2 )  E f f e c t s  o f  s u p p l e m e n t i n g  s u n f l o w e r s e e d  o i l  w i t h
C o n td .
methyl lin o le n a te  or methionine in  the d ie t  o f  
CLAC hamsters on in d iv id u a l breeding performance
D iet F2 -  +Aerated arachis o i l
D iet F3A -  +Sunflowerseed o i l  + methionine
D iet F^B -  +Sunflowerseed o i l  + methyl lin o le n a te
D iet F4 -  ERD
D iet
Female No.
F3B F4
3 5 9 15 19 4 6 10 13 20
No. l i t t e r s  bora 1 1 1 1 2 * 2 2 1 2
1 s t  l i t t e r  horn. rf
days a fter I T 18^ 19 19 16 19 16 19 19
mating.
L it te r  s iz e
*
Day 0 1 5 2 7 6 6 7 10 13 11
2 3 9 8 7
Day 5 1 4 2 7 6 4 5 9 10 9
2 3 7 4 5
Day 21 1 4 1 3 0 1 5 9 6 8
2 3 5 0
'
0
* K illed  
0  Second mating.
APPENDIX B
NORMAL VALUES FOR 
BODY WEIGHTS & ORGAN WEIGHTS
APPENDIX B N o rm a l V a l u e s  o f  CLAC & ALAC H a m s t e r s
Normal va lu es  o f growth and organ w eights for  male and female 
hamsters from the co lo n ies  o f two inbred s tr a in s , ALAC/Lac and CLAc/Lac 
(F estin g  <5c B u tler , 1975? Parrott & F estin g , 1977) m aintained a t the MRC 
Laboratory Animals Centre (LAC) are given in  Tables 119 to  122.
ALAC/Lac i s  an acromelanic albino s tra in  developed a t the LAC. I t  
was obtained in  1966 from a commercial breeder, and i s  p resen tly  a t F40.
The o r ig in  o f th is  s tr a in  i s  obscure, probably from a m utation a r is in g  in  
R ussia. CLAC/Lac i s  a cream-coloured stra in  developed by the LAC from one 
l i t t e r  supplied by Glaxo Laboratories Limited in  19&5» i s p resen tly  at 
F42« The o r ig in  o f th is  s tr a in  i s  from a mutation a r is in g  in  a non-inbred  
colony o f golden (w ild -typ e) Syrian hamsters m aintained by Glaxo L aboratories.
Both s tr a in s  were given tw o-star **conventional" s ta tu s  (MRC, 1974)* 
and were fed  Labsure*s PRD d ie t  and mixed seed. Husbandry and environment 
are described in  1 General M aterials and Methods*.
Body weight
Adult hamsters in  both co lo n ies  were kept as monogamous breeding p a ir s .  
A fter weaning (21 days) the sexes were separated and the members o f each 
colony were maintained sep arately  in  groups o f 3 to  6 . In d iv id u a ls  from 
these groups were weighed at approximately fo r tn ig h tly  in te r v a ls  fo r  a period  
of 6 months. Thus the r e s u lt s  are based on sample w eigh in gs, and r e f l e c t  
ranges o f v a r ia tio n  in  body w eight for  each colony. The mean v a lu e s , and 
standard d ev ia tio n s  were ca lcu la ted  from body w eights a t each p a r tic u la r  time 
period. (Tables 119 & 1 2 0 ). An obvious d ifferen ce  between the s tr a in s  can 
be seen in  the males but not in  the fem ales. Both s tr a in s  have low er body 
w eights a t 140 days of age than the outbred Cr:RGH(SYR) golden Syrian hamster 
stra in  reported by P o iley  (1972).
Organ w eigh ts
At th e  s e le c te d  age, ham sters were k i l l e d  w ith  COg g a s , weighed  
and d is s e c te d . V arious organs were removed and w eighed, fo r  pa ired  
organ s, o n ly  the l e f t  was removed (c o n s u lt  Hoffman, e t _ a l ,  1968 fo r  
anatom ical d e s c r ip t io n s ) .  A t o t a l  o f  26 ALAC and 32 CLAC m ales, and 
28 ALAC and 32 CLAC fem ales were d is s e c te d  and th e mean r e s u l t s  are 
g iv en  in  T ables 121 & 122. S tra in  and sex  d if fe r e n c e s  are
apparent; a n a ly s is  o f  the e f f e c t  o f  age on th ese  r e s u l t s  req u ired
. A. 2 %
a second degree polynom ial ( Y = a + bx + cx ) to  be f i t t e d  to  each
s e t  o f  organ w eights fo r  each sex  o f  each s t r a in ,  th e r e s u l t s  are
p resen ted  elsew here (Shaw & Turton, 1979)*
T a b l e  1 1 9  M ean b o d y  w e i g h t  (g)  o f  ALAC & CLAC m a le
S y r i a n  h a m s t e r s  f e d  PEP d i e t
Age ALAC CLAC
(days) x  -  SD(N) x  -  SD(N)
0 - 4
5 9
10 ■ 14
15 . 19
20 - 24
25 - 29
30 - 34
35 - 39
40 - 44
45 - 49
50 - 54
55 - 59
60 - 64
65 - 69
70 - 74
75 - 79
80 - 84
85 - 89
90 - 94
95 - 99
100 - 104
105 - 109
110 - 114
115 - 119
120 - 124
125 - 129
130 - 134
135 — 139
4+ 1 .8 (2 8 )  
7± 2.0(21) 
12t 1.4(26) 
14± 6 .1 (20 )  
23±  7 -9(13) 
43± 6 .1 (9 )  
53±11-4(13)
65i  8 . 5 ( 15)
64i l 0 . 5 ( l 8)
65± 9 .4 (1 4 )
74 t 7 .1 (8 )
76+10.6(9)
79±H -3(7)
J .
T ~
85+ 7-3(21) 
82 — 6 . 6 (17) 
82+ 6 .3 (1 1 )  
86± 8 .4 (2 1 )  
86± 8 .4 (2 1 )  
84± 8 .8 (2 0 )  
92± 9 .4 (6 )  
94iL3-9(6) 
89± 7 .3 (1 5 )  
87± 5-1 (21)  
86+ 5 . 6 ( 14) 
90+ 5 -0 (6 )  
88+ 8 . 5 (13) 
92^14. 5 (10)
5+ 0 .8 (4 4 )
8+ 2 . 0 (29) 
15+ 1 . 2 (21) 
17+ 4 . 8 ( 31) 
30± 5 . 9 (26)
3 5 ± l2 .7 ( l6 )
54± 9 .0 (18 )  
6 l i l l .O ( 3 )  
72± 9 . 0 ( 9) 
79^10.4(14)
83±L0.3(19)
92+ 7 -9 (11 )  
94± 4 -4 (7 )  
97+ 8 .2 (10) 
100+ 7 -7 (11 )  
111+12.5(9) 
106+12.6(6) 
108±11.4(19) 
108±13.3(14) 
103± 7 .4 (1 3 )  
115^12.0(14) 
106±25.0(16) 
117±13.9(4) 
112±12 . 0 ( 17) 
111+13.5(19) 
H 8± io .5 ( i 4 ) 
110+ 8 . 5 (13) 
124±11.4(9)
N number o f observations  
£  no values
Table 120 Mean body w eight (g )  o f ALAC & CLAC unmated 
fem ale Syrian hamsters fed  PRD d ie t
Age
(days)
ALAC 
x ±  SD(N)
CLAC 
x * SL(N)
0 -  4 4 -  1 .7 (2 9 ) 3 -  1 .0 (3 7 )
5 -  9 8* 1 . 4 (26) 8+ 2 . 1 ( 33)
10 -  14 12+ 1 .1 (2 2 ) 12+ 1 .6 (2 0 )
15 -  19 19* 7*0(18) . 17* 6 . 3 ( 36)
20 -  24 27* 6 .5(14) 30* 4 . 6 (26)
25 -  29 40* 9 .4 (17) 40* 9 .4 (2 1 )
50 -  34 5 6 + 9 .3 (1 7 ) 56* 8 . 1 (19)
35 -  39 60- 7 .3 (31 ) 56* 3 .9 (5 )
40 -  44 63!  7 .2 (1 7 ) 73- 8 .7 (1 7 )
45 -  49 68* 5 .4 (3 0 ) 80*10 . 3 (15)
50 -  54 74- 7 .8 (25) 87* 9 -6 (16)
55 -  59 81* 6 . 5 (8) 93* 8 . 1 (14)
60 -  64 76-  7 . 2 (21)
65 -  69 88* 6 . 3 (6) 104* 7 .7 (1 4 )
70 -  74 91*10.7(9) 107± 6 . 9 (11)
75 -  79 91+ 9 .8 (19 ) £
80 -  84 Q^i  7 . 4 (24) 107±12.8(4)
85 -  89 101*12.9(11) , 109*17 . 5 ( 7)
90 -  94 101*11. 9 (16) 115*11 . 8 ( 7)
95 -  99 91*14. 2 ( 21) 117*1 4 . 0 ( 9)
100 -  104 94*13 . 9 (21) 116*18. 3 ( 14)
105 -  109 101*12. 4 (21) 118*20.0(17)
110 -  114 104+ 8 . 5 (8 ) 132+12. 1 ( 3)
115 -  119 108*10.4(9), 135*13.5(9)
120 -  124 125* 8 .8 (5 ) 137*13-7(9)
125 -  129 £ 138*12.8(5)
130 -  134 119*17. 1 (11) 140*13.7(14)
135 -  139 123*13. 2 (10) 127*29. 8 (15)
N number of observations 
/  no values
T a b l e  1 2 1  M ean o r g a n  w e i g h t s  (W c) o f  ALAC & CLAC
male Syrian hamsters fed  FRD d ie t
Age (days)
ALAC 21-23 45-53 69-72 130-140
(N) 8 6 6 6
Heart 170± 21 263- 16 317- 15 349-  21
Lungs 315i 39 395— 18
CNJ
+ 
1CDO 473± 21
Liver 1669±250 3080±235 3175-  18 2985±154
Kidney (l ) 245± 18 370± 15 392± 18 371- 23
Spleen 105± 15 90i  8 84± 6 82± 9
T estis  (L) 109± 14 1020±147 1525- 93 12441130
T estis  
fa t  (L) 541 22 574^120 798-128 754± 82
CLAC
(N) 12 8 6 6
Heart 148± 15 264± 12 3 41 - 17 398- 39
Lungs 283- 33 376± 21 434- 34 479- 40
Liver 1994±303 4104±545 5250*305 5114-493
Kidney (l ) 247-  22 349± 27 437- 13 441- 30
Spleen 58± 12 70± 10 91± 10 89± 9
T estis  (L) 127± 28 H 04iL23 1562± 45 1459- 81
T estis  
fa t  (l ) 341 20 1342*102 1533-385
j4 Not measured
T a b le  1 2 2  M ean o r ^ a n  w e i g h t s  (m g) o f  -ALAC & CLAC
fem ale, miniated Syrian hamsters fed PRD d ie t
Age (days)
ALAC 21-23 45-53 69-72 130-140
(N) 10 6 6 6
Heart I 64-  18 2691 8 376± 69 476* 35
Lungs 344- 38 398- 27 446-  61 630* 87
Liver 1614-210 2523- I 69 3501-561 4635*324
Kidney (l ) 244± 18 355- 27 451* 56 5 5 2 -1 9
Spleen 106± 13 98l  12 10 7 i  6 156+ 19
Ovary (l ) 10-  2 18- 3 15- 3 17* 3
CLAC
(N) 10 10 6 6
Heart 149- 20 269-  27 364-  24 472-  22
Lungs 299± 57 419t  40 532* 38 574* 41 .
L iver 2043I 461 36411229 4705*391 56751856
Kidney (l ) 2441 35 334* 16 496* 50 530* 44
Spleen. 6 o i 13 79- 9 140* 15 155*  28
Ovary (l ) i t  2 151 3 201 4 2 5 l  3
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APPENDIX C. ! SUPPLIERS AND MANUFACTURERS
1* Coombehurst Breeding Establishm ent,
West Heath, Baugfrurt, nr. Basingstoke.
2 . Wright* s ,
The Beeches, Latchingdon,- n r. Chelmsford.
North Kent P la s t ic  Cages L td ., 
Home Gardens, Dartford, Kent.
Labsure Animal Foods, The Christopher H il l  Group Ltd. 
P.O. Box 6 , Agrarian House, C astle S tr e e t ,
P oo le , D orset.
5* Roche Products L td .,
Welwyn Garden C ity , H ertfordsh ire.
6 . BP N u tr ition  (UK) L td ., 
Stepfleld , Witham, Essex
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